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The The “traprad”“traprad”//“francium”/“francium”/“wade”“wade” location (?) location (?)



The The “traprad”“traprad”//“francium”“francium” (real) location (real) location
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Fr has no stable isotopes

The longest lifetime is 22min

There is at most a tea spoon of 
francium in the whole Earth at any 
given time

210Fr →  3.2 min

⇒ continuos production and trapping
 for further studies is necessary

(Bad) facts about francium(Bad) facts about francium



Facts about franciumFacts about francium

Decay-Assisted Laser Spectroscopy of Neutron-Deficient Francium

Phys. Rev. X 4, 011055 – Published 28 March 2014  

K. M. Lynch etal.      A  = 202-207, 218-221, 229, 231

Commissioning of the Francium Trapping Facility at TRIUMF

M. Tandecki et al (Submitted on 12 Dec 2013) 

A  = 207, 209, 221

A  = 209-211
A  = 210

A  = 

208-213, 

220-228

http://arxiv.org/find/physics/1/au:+Tandecki_M/0/1/0/all/0/1


Facts about franciumFacts about francium



(Interesting) facts about francium(Interesting) facts about francium

spectroscopically poorly known
“simple” electronic structure

several isotopes suitable for trapping
enhanced P and T violations (Z=87)

⇓
Parity Violation for the 7S – 8S transition: 

test of neutral weak interactions
Parity Violation for the ground state hyperfine atomic 

transition: measurement of Nuclear Anapole Moment 
(TRIUMF/ISAC, production  rate 1010 Fr/s, trap number 107 Fr)

Search for permanent Electric Dipole Moment:
test of Time reversal violation and SUSY
(RNCP @Sendai, trap number 108 Fr)
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The The “traprad”“traprad”//“francium”/“francium”/“wade”“wade”   experiment experiment

L.N.L.

Fr production
197Au+180→xn+215-xFr

Fr+ (and Rb+) ions 
transport 
at 3 keV

Eur Phys J ST 150 389 (2007)
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L.N.L.

Fr production
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Fr+ (and Rb+) ions 
transport 
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The trapping and repumping transitionsThe trapping and repumping transitions

Ti:Sa laser pumped 
by Ar+ laser

Free running
diode laser



The MOT cellThe MOT cell

φ
Au 

= 5.1 eV

φ
Y 

= 3.1 eV

 I = 4.1 eV



CCD Detection of the MOTCCD Detection of the MOT
we locate a dark region behind the MOT

background subtraction:
uniform image

weighted background 
subtraction: compensation

for laser intensity
fluctuations



Calibration power-number of atomsCalibration power-number of atoms

hyp: trap laser detuning -5γf

Rb: 1pW      1400 atoms

Fr:  1pW     1900 atoms

noise level less than 30 atoms

Electronic noise: 3 atoms, shot noise: 8 atoms



Francium trappingFrancium trapping

220 atoms 450 atoms

930 atoms

1100 atoms

560 atoms



accumulation in the cold yttrium and fast release 
by suddenly switching on the heating of neutraliser

up to 10000 atoms !!

Francium trappingFrancium trapping



  

Other Fr isotopes (209, 211)Other Fr isotopes (209, 211)



Melting the target.....Melting the target.....

....means to start since the beginning!
(and fight with radioprotectors)



…….breaking the cell .breaking the cell 
or the neutralizer,or the neutralizer,

preparing a wrong coating,preparing a wrong coating,
cumulating too much Rb,cumulating too much Rb,

exhausting the argon tube,exhausting the argon tube,
……........

...again means to start since the beginning!

A few days of beam time per year 
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Precision measurementsPrecision measurements
We compare the frequency of 2 lasers transmitted by a confocal FP cavityWe compare the frequency of 2 lasers transmitted by a confocal FP cavity

(finesse 200, FSR 2 GHz) .....(finesse 200, FSR 2 GHz) .....

....Measuring the beat signal with a frequency meter ....Measuring the beat signal with a frequency meter 
(accuracy better than 300 kHz) (accuracy better than 300 kHz) 



Precision measurementsPrecision measurements

Published in 
Opt. Lett. 34, 

893,2009

Secondary frequency standard: Secondary frequency standard: 
Rb 5S–5DRb 5S–5D

5/25/2 2 photon transition @ 778 nm 2 photon transition @ 778 nm

measured with 8 kHz accuracymeasured with 8 kHz accuracy
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Detection setupDetection setup  (Rb or Fr)(Rb or Fr)



Detection results (Rb)Detection results (Rb)



Detection results (Rb)Detection results (Rb)



Detection results (Rb)Detection results (Rb)



Detection results (Rb)Detection results (Rb)



Detection results (Rb)Detection results (Rb)



Detection results (Rb)Detection results (Rb)

Published in Meas. Sci. Technol. 24, 015201 2013
Measurement Science and Technology's Outstanding Paper awards for 2013

http://iopscience.iop.org/0957-0233/25/7/070201



Detection results (Fr – isotope 210)Detection results (Fr – isotope 210)

BEAM TIME OF 22-23 OF JULY 2014
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Detection results (Fr – isotope 210)Detection results (Fr – isotope 210)

BEAM TIME OF 22-23 OF JULY



Detection results (Fr – isotope 209)Detection results (Fr – isotope 209)

BEAM TIME OF 22-23 OF JULY
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Rb MOT loading from Yttrium!Rb MOT loading from Yttrium!

No MOT at the beginning
Very long restoring time – 
signature of a good coating



Fr LIAD MOT loading from YttriumFr LIAD MOT loading from Yttrium

THE JOURNAL OF CHEMICAL PHYSICS, THE JOURNAL OF CHEMICAL PHYSICS, 
141, 134201 (2014)141, 134201 (2014)



  

Rb desorption from OTS coated pyrexRb desorption from OTS coated pyrex

THE JOURNAL OF CHEMICAL PHYSICS THE JOURNAL OF CHEMICAL PHYSICS 127127, 1 2007, 1 2007



Rb MOT loading from OTSRb MOT loading from OTS



210210Fr MOT loading from OTSFr MOT loading from OTS

beam time of March 2014beam time of March 2014



209209Fr MOT loading from OTSFr MOT loading from OTS

beam time of March 2014beam time of March 2014



SURPRISING......SURPRISING......

beam time of JULY 2014beam time of JULY 2014
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New spectroscopic measurementsNew spectroscopic measurements



• ENERGY LEVEL DETERMINATION 

• LIFETIMES MEASUREMENTS

• COLLISIONAL STUDIES

• DIMER FORMATION (??)

New spectroscopic measurementsNew spectroscopic measurements



Atomic parity violationAtomic parity violation



““Towards” APV measurementTowards” APV measurement

preliminary measure
of the ratios

 α/β, β/Μ1, M1/M1
hf:

in the MOT cloud
to “calibrate” APV

1% precision with 3 weeks measurements
by using 105 atoms



Expected signal to noise ratioExpected signal to noise ratio



ConclusionConclusion

あなたの注意をありがとう
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