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Outline

Introduction/Motivation

The LNL apparatus

measurements

B8l Atom Desorption



Mass no. Half-life

(A)

Fr 202 0.34s
203 0.55s
205 3.85s
206 15.9s
207 148 s
209 50 s
211 3.1 min
213 346s
220 27.4s
223 21.8 min
224 3.3 min

Fr 225 4.0 min

226
227
228
230
232

48 s

39s
19.1s
5s

2.47 min

(Bad) facts about francium

Fr has no stable isotopes
The longest lifetime is 22min

There is at most a tea spoon of
ancium in the whole Earth at any

duction and trapping
dies is necessary




Facts about francmm

-First spectroscopy measurements at CERN (ISOLDE):

S. Liberman et al., C. R. Acad. Sci. Ser. B 286, 253 (1978).
Francium is produced by spallation reactions in Th or U Carbide 208—213,

targets bombarded with protons: 10 Fr/s.

220-228
-Francium Magneto-Optical Trap (MOT):

J.E. Simsarian et al., PRL 76, 003522 (1996). (STONY-BROOK) A =210
S.N. Atutov et al., JOSA B 20, 953 (2003). (LEGNARO) A =200-211
Nuclear fusion-evaporation reactions in a Au target: 10° Fr/s.

Z.-T. Lu et al., PRL 79, 994 (1997). (Boulder/Berkeley)
Radioactive source: Francium produced in the decay chain
220Th225Ra—225Ac—221Fr = 10% Fr/s.

pping Facility at TRIUMF
. Tandecki '

Decay-Assisted Laser Spectroscopy of Neutron-Deficient Francium

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

K. M. Lynch etal.


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

Facts about francium

FRANCIUM ENERGY LEVELS  pot yet
21P -24P_ _-25P observed

—————————————————— JJ'E-E-'E__-._E-E_____;m__________________________I
1.30-1 33umWR, \ TI E;'r_ F1* 6P, ionization
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1.212-1.216-1.233pm
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833nm
6D __ Not yet

6 2z 0bserved
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(Interesting) facts about francium

spectroscopically poorly known
“simple” electronic structure L e EES
several isotopes suitable for trapping R\
enhanced P and T violations (Z=87) = =

Parity Viol the 7S — 8S transition:

ractions

TSHZ

hyperfine atomic
Anapole Moment
°Fr/s, trap number 107 Fr)
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West Experimental Hall

197 Au target
120K, +3 kV

Fr production

. 197Au+180 — xn+25*Fr
, : Fr* (and Rb") ions
Oy e,

magneto-opticalltrap (MOT)
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;Imu-Mev 1806+ beam & (19 CRN
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SC
100 MeV LINAC beam
m:% MeV 10 MeV reaction products .
12001 oy slowing in target
transport as ion :
eV ﬂstop in neutralizer Fr pI'OdllCthIl
meV 8 -
\/ ‘@or in trap cell 97Au+'°0 - xn+*5*Fr
\/ ueV ltrapping in MOT :
+ +
neV further cooling in MOT to <TmK kT (and Rb ) >
stralizer transport

(100 at 3 keV

|

'FL[.
magneto-opticalltrap (MOT)
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The trapping and repumping transitions
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The MOT cell
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e MOT
for laser intensity
fluctuations

weighted background
subtraction: compensation

background subtraction
uniform image
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Calibration power-number of atoms

620Miz | T - iijj 2 "
1 (00 A A4 0 0)
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Francium trapping

220 atoms

560 atoms

450 atoms

. ' .




R —
Francium trapping

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

« Experimental data
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R
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Number of trapped atoms

300

200

100

Other Fr isotopes (209, 211)

Frequency scan of 209Fr trap

Number ol\trapped atoms

time (s)

Frequency scan of 211Fr trap




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



ESSSSSSSSSSSSS——————————————————
«..pbreaking the cell

or the neutralizer,
preparing a wrong coating,
cumulating too much Rb,
exhausting the argon tube,
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Precision measurements

We compare the frequency of 2 lasers transmitted by a confocal FP cavity

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

Ti:Sa Doisfas.
ﬁ/)—g‘/laser u.i-_-n(u!-_]lzi (N,-_—EHRJ) 1 =1,2
S

§ .;rl-
PBS 7E = v n(v2) —v1 n(v1) = g5 (N2 — Ni1)
n(vo) c
2 =v; + - (N2 — Np)
: n(v1) 4d n(v1)
Y Frequency meter /
RF Spectrum analyzer}
Reference Beat Signal
laser FP A

L Secondary freq. standard V'

Beam splitter

Secondary freq. standard v

> /



Precision measurements

— PZT 6P, 5D,
LASER| DET
FABRY 420 nm 778 nm
A PEROT ‘-
< SERVO
y XFER MODUL 5Sip
LASER SCAN

A

Secondary frequency standard:
REF Rb 5S—5D_,. 2 photon transition @ 778 nm

LASER 5/2 A
measured with 8 kHz accuracy

om
m %
O
frisrsssg
f o —
A
O
s —

Isotope 209 210 211
Trapping freq. (GHz) | 417415.0914(90) | 417412.4493(90) | 417412.6303(90)
Repumping freq. (GHz) 366897.43(5) 366898.70(5) 366895.57(5)
|

AcCcuracy.:
Calibration
Fabry-Perot maxima
Refractive index of ai
TOTAL
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By measurements
change in trapped atom number
8dbAtom Desorption
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Detection setup (Rb or Fr)




Detection results (Rb)

Ol
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Detection results (Rb)

3 24 ! . ! . ! . ! . ! . ! . F= 5P3/2
9 _ -
: - 5P
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Detection results (Rb)

oP
20 , , . ! . . . 32 5I:)3/2 F'4
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Detection results (Rb)

F=3 —¥
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Detection results (Rb)
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Detection results (Rb)

Ff? 2.9 MHz
o 5.5 MHz
5D, 3 7.6 MHz
_ K4 9.0 MHz
F=4 — 9.4 MHz
F=5 '
P (probe)
F=4
F=3
F=2 “ 5P3/2
F=1
T(trap) R(repump)
———— F=3
5S

1/2

Normalized trapped atoms number
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Detection results (Fr — isotope 210)

Trap IMAQ completed. Press DONE to continue 293
Images to avg. Images Analysis  Dark Noise trap/bg (avg) bg/bghvg SE‘VE?__
START A A A F C) DOME
iE /6000 /200 r 0,743 1,023 A
) Auto LUT minLUTuser  maxLUTuser
o @ o 4200

|160:184 4X Signed 16-bit image 5 (37,36)

atoms

ADC Value

1 1 1 1 1 1 1 1 ] 1 1 ] 1
10 20 30 40 50 60 70 &0 90 100 110 120 130

by level Wil level i level

o1z Joa [ Joc2 Joos Average (pW)

e J oo [T Joos =T Jooos Std. Dev. (gW)
| a0z B S BN J10 Average (2toms)
Atomshrray 1= [T I= = J= St Dew. (ztoms)

10 20 30 40 50 B0 70 &0 90 100 110 12!] 130 140 150 160 170 180 190 200 210 220 230 240 250 260 }‘_?U 280 292

Last Read Frequency Images, Background and cenfiguration file will be saved in:

READ FREQUENCY 1




Detection results (Fr — isotope 210)

FRANCIUM ENERGY LEVELS ot vt
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Detection results (Fr — isotope 210)

FRANCIUM ENERGY LEVELS ¢ yet

21P -24pP 25P*:m:l observed F=142
—————————————————— D
ionization ) :
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12P 300 - R e F=142
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304nm g e 111 5H e £50Hz
258 | -~ . 2 '
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Bsml =5 . e 10330, T3
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B oM S e
7
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! ol | 3TMHe
7S vy 3 F92y
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Detection results (Fr — isotope 209)
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R R RERRER————————.
Rb MOT loading from Yttrium!

1:1 Ds L I L I L I '] I L I L I L I L I

. T =412°C, Flash sopra Y (solito)
9x10" =
] NO MOT @ t=0's [
8x10° - =
7x10° -
6x10" -

5x10° -

MOT

30 L | L | L |

4x10°
3x10°
2x10°

1x10° -

LA B
0 20 40 60 80 100 120 140 160

Trapped atoms number (x10°)
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Fr LIAD MOT loading from Yttrium

100
90 4

80 -
70 -
60 -
50 4

40+
30 -
20

Trapped atoms number




Rb desorption from OTS coated pyrex
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S i
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~ — Linear fit
R « Experimental data
= 1
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2
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1 ] L | L ]
% 10 20 30

Desorbing light intensity (mW/ sz)

- Experimental data
— Saturating curve fit
— Square root fit

% ' 10 ' 20 ' 30
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T ESIEwmwDSNwB——————
Rb MOT loading from OTS

1x10°
9x10*
8x10*
7x10*
6x10*

MOT

5x10*
4x10°
3x10°
2x10*

1x10*
()

480 mW @ 532 nm
onto cell walls
TY:408°C

ON

. | I 1 L 1 L
12012-11-18 22:36:05 Rb MOT

ON

ON

0 50

T
100

T
150

T
200

t(s)

T
250

I
300

T
350

Trap Population [atoms]

J2ETUU0

4e+006

3e+006

2e+006

1e+006

-1e+006

________________

Number of Frame




210 MOT loading from OTS

beam time of March 2014



209y MOT loading from OTS

300 -
250 - /

flash pulse

Trapped ““Fr atom number

1(s)

beam time of March 2014
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SURPRISING......

1000 -

_ {
500 - Pﬂ,
S 00 4 / %
g ] Co letters to nature
3 . 1 y |
; 70 - |I ,li
8 600 S f )!'
e ' | & . .
5 =01 I & Picosecond discharges and
g f “" A stick-slip friction at a moving
o 3004 . 4 ;s ® -
3 ™ ] L 5 meniscus of mercury on glass
S 200 ¥ J
g = M E ! #‘4 R. Budakian, K. Weninger, R. A. Hiller, S. J. Putterman
o “hj ’ Physics Department, University of California, Los Angeles, California 90095, USA

beam time of JULY 2014
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New spectroscopic measurements

FRANCIUM ENERGY LEVELS  p5t yet
21P . -24P__-25P__  observed

————————————————— JJ'EE-"E__.._ﬂ_____31:2__________________________I
1.30-1.33umM R, \ ”!I 52—; 6P, ionization
az

1.212-1.216-1.233pm

304nm
TDm
D 2
833nm
6D__ Not yet

60, observed
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New spectroscopic measurements

ENERGY LEVEL DETERMINATION
LIFETIMES MEASUREMENTS
COLLISIONAL STUDIES
ON (??)




Atomic parity violation

A possible experimental approach:

Capture Fr atoms mm a MOT

Accumulate and cool 1n the MOT

Transfer to a second trap (purely optical)

Establish a “coordinate system” by dc electric field.,
dc magnetic field, k vector of the exciting laser
Excite 7S to 8S using a build up cavity and detect
using the 7S to 7P transition.

Reverse the coordinate axis.

Change 1sotope.

i o

N

~ e




“Towards” APV measurement

dFF;:—(EE—zﬁﬁAE+M{Ehk—ﬂm(E o

8S  56ns

1% precision with 3 weeks measurements
by using 10° atoms

preliminary measure
of the ratios
a/f3, B/M,, M,/M pf:
in the MOT cloud

\ to “calibrate” APV



S RNNN————
Expected signal to noise ratio

= Fr production rate in Legnaro: up to 100 ions/s.
= Trapping efficiency ~ 1072 = N = 10000 atoms in 1 mm3 (0.01 mm?3)
(optical dipole trap).

= |aser intensity: 100 mW /mm?, enhanced by a factor ¢ = 1000 with
a Fabry-Perot cavity (cf. Boulder) = P/S = 10 kW /cm?2.

= Fluorescence detection efficiency: n ~ 10%.

fn 1P
I S/N = %mE%w %h—rgnN\ﬁ = 0.009\/@ (1 fort =3 hOUI’S)
C

How can we improve S/N 7

= Higher laser power, BUT: — heating due to photon scattering
— photoionization from 85 and 7P.

= Higher FrT Rate: > 4. 109 ions/s at the ISOLDE facility.
= S/N = 0.55/t(s)

In 9 hours we can get S/N = 100




Conclusion

FOSPEDALE PSICHIATR)
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