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A Brief History of Francium at
Stony Brook

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

1995: Produced and Trapped Francium in a MOT.

_ 2,000 atom Fr
1996-2000: Laser spectroscopy of Francium (8S,,,, MOT

[P1/,,7D¢j, 1D40, hyperfine anomaly).

2000-2002: High efficiency trap.

2003: Spectroscopy of 9S,,, 8p levels, e
2004: Study of 8s levels.

2007: Magnetic moment 219Fr. (M. Safronova) 250,000 atom
Fr MOT



Apparatus for
Production and Trapping of Francium
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Lifetime of the 8s level

F=13/2
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Comparison with theory
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Example of studies of Francium linked to nuclear structure

The magnetic hyperfine structure is from the interaction of nuclear
magnetic moment and the magnetic field of electrons at the nucleus.
A depends upon B-pp, the ratio 47s/ A7p is isotope dependent.
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Fluorescence from the two 7P,,, hyperfine states excited with FM sidebands
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The anapole moment

Nuclear Spin

/\ Current Flow
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The nuclear spin dependent contribution has three parts:

An electron interacts weakly with a single valence nucleon (nucleon
axial-vector current AV,

The nuclear chiral current created by weak interactions between
nucleons (anapole moment).

The combined action of the hyperfine interaction and the spin-
independent Z° exchange interaction from nucleon vector currents
(ViA).
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Flambaum et al predict:
ko ~ —0.05 in 2Fr, k. /Koy =15

K = (I+1/2)(—1)'+1/2~



gpN4

0.2 < g,, < 1 for neutrons



For the case of atoms with heavy nucleus dominated by an
unpaired proton, the interaction is dominated by the anapole

moment.
Flambaum and Murray give for 133Cs the analytic result:

9 au

A*°g,=0.08g,

a™ 10 mr



Flambaum and Murray show that the proton-
nucleus: neutron nucleus constants are:

W | |
_ S 117 - T z1 0 | 2
2,=2.0X10°M p[ 1767 f = 19.5h = 4.Th,+ 1.34]

—11.3(A%+hl)— 1.7/?;’],
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2,=2.0%x10° Wp[ — 118—f,—18.9h)+8.4h ) — 1.3’

—12.8(h°—hly)+ 1.1/?;,’]. (18)



Coupling “Best Value” “Reasonable Range”

fr 0.46 0.00—1.14

hy -1.14 1.14—-3.08
hy -0.019 -0.038—0.00
h? -0.95 -0.76—-1.10
hg‘; -0.19 0.57—-1.03
hl -0.11 0.19—-0.08

Weak meson-nucleon coupling “best values” and “reasonable
ranges” (in units of 10°) from the standard-model calculations of
Desplanques, Donoghue,and Holstein (DDH).



Anapole moment for an unpaired proton nucleus (?!Fr)
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Anapole moment for an unpaired proton and unpaired
neutron nucleus (41°Fr).
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Constraints on the PNC meson couplings (107) that follow from the results in
Table 4 of Haxton and Wieman. The error bands are one standard deviation. The

Illustrated region contains all of the DDH *“reasonable ranges” for the indicated

parameters (From Haxton and Wieman).
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Constraints of couplings from measuring two francium isotopes.



Measurement Strategy;

Mixing of states:

[sFm) = |sFm)—i5.9 x 10" g,

X(F(F + 1) —25.5)|pFm)
Interfere Raman with E1 transitions

Look at transitions (larger by a factor of 10 larger than Cs.
Ap1/h= (f| — €E - x[i) /h
Ka

476V/cm] [0.45] rad.

— 0.012 [

Reverse the AXIS

I(Ere ¥ (Egy X Ego)) - Bpc



Raman?



Measure the number of atoms that make the transition

An+ A l
Ei—N\ce\Q—NsinQ<( i El)R)

2h

Reverse the axis of coordinates and take the difference between the two:

Apt Apit
S—E+E—Nsin< %R>sin( Eg R)

~ [V sin (A%tﬁ“) (AEgtR> :




Signal to Noise ratio
Operate with the Raman pulses of /2, |c.?=1/2

If the measurement is limited by projection noise:

Np =

).

S Apitr
— =2 vV N .
Np



Signal

= =20_ At N =20
Noise

Number of atoms = N ~ 106°
Q-, ~ 10 mrad

Interaction time = At ~ 1s



1.- DC Magnetic field:

Find the place where the energy separation between Zeeman
sublevels goes through a minimum, so the sensitivity to
fluctuations is minimized.

Control to 3 parts in 10° is sufficient.

For 2°Fr we could use |F=4,m,>, |F=5,m,>

Swapping m, and m, is good as a consistency check.

2.- M1 Transition |Ag,/Ay,| ~10:

Placing atoms at the node of the magnetic field, reduction of
5 %103

M1 polarized in the z axis, M1 will be such that Am=0,
microwave resonant for [Am|=1 E1 transitions (the
microwave electric field is polarized along the x axis)
suppression by 10-3 .

Dynamical suppression by the oscillations of the trap.



M1 suppression mechanisms
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3.- Microwave cavity:
Field of 476 VV/cm (we can do with our equipment).
Drive bi-directionally to avoid traveling wave, suppression 10/

4.- Dipole Trap:
Blue detuned trap to avoid AC Stark shifts. Hollowed beams.
Coherence time of about 100 ms using echo techniques.



Third generation under construction
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Raman Beams for
M1 transition

Transfer to 2nd MOT

Y

l‘"‘

I Microwave Fabry-Perot Single beam optical
for E1 transition dipole trap for Fr atoms

Resonant Beam on
D, line for detection



Hardware advances for the Anapole measurement

Prototype Microwave Fabry-Perot.

Microwave Cavity Transmission Profile
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Pointing stability of laser, first round of results:
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Road Map for Fr project

e Test system with Rb at UMD.
*The apparatus also works for Optical PNC

*Measurement of the anapole moment of a chain of Fr isotopes
through the E1 forbidden hyperfine transition.

Shot noise limited signal-to-noise better than 1 (Hz)-12.

eCalculations of atomic and nuclear structure will allow the
extraction of coupling constants.
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