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Ti:Sa laser ionization scheme on paper (theory)
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2 TRIUMF

the neighbourhood UC, based
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With p+ on target -> massive Fr background
without p+ -> only long lived isotopes -> clean Ra, Ac beams of select isotopes

e.g. A=225



At 1964-2010 ... McLaughlin data

@-TRIUMF 2010-2011 the new “status quo”

85
IP determination (CERN) via UV-UV scan
e & Rydberg series convergence (winter 2011)
A =266 nm
New
atomic energy levels
via in-source laser resonance ionization spectroscopy ( 3 from TRIUMF 1 from CERN)
-> boosts ionization efficiency 50x
46 233.64 cm?
5 2pe°
6p> Py 44549.28 cm!
6p*(3P)7s
Configuration Term J Level (cm‘l) Ref.
6p° 2pe 3/2 0.0 M64a
6p? (3pP)7s 4p 5/2 44549.3 2 M64a
A =216.29 nm 224.47 nm 3/2 46233.6 7 | Moda
McLaughlin 1964 At IT (°P,) Limit

6p5 2P, [M64a] R. McLaughlin, J. Opt. Soc. Am. 54, 965 (1964)
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TRIUMF yield measurements:

At
isotope

199
218

1x103s?
701

5x10% s1
3x103s?

Yield Yield
(UV,UV) (UV, IR, 532nm)

199

75 086 cm-! (CERN)

50 GHz/s scan
715 nm to 930 nm

46 233.64 cm!

Ocm??

Three new energy levels found
50 x increase in yield

J. Lassen et al., to be published



R TRIUMF

RILIS

Winter 2011: S1237 At in-source spectroscopy

(2 shifts only) !°° At.. 34 new atomic energy levels

So far no autoionizing states

NEW: 24 measured 3" excited states (even parity)

NEW: 8 measured 2"d excited states (odd parity)

Shown (tc
space cov

) scalé
ered

Data evaluation in progress (in collaboration with atomic theory)
Obtained wavenumber uncertainty about (0.5-1) cm™

(to be published)

2): Frequency
by laser spectroscopy




Saturation of optical transitions
R TRIUMF P

Optical isotope shift measurements

160« saturation first transition

e Saturation measurement for first transition (approx. ) g, e
26mW) gm‘
e Saturation for second transitions Z or ,
8 ol @ P, =26mW
e (approx. 100mW) ;
R
power (mW)

_ + Daten: CERN(rot), TRIUMF (blau)
E se2m0] McLaughlin 1964 - “"°At I
5 |
g 462345 1 J ’ I
©

e Optical isotope-shift of first transition (216 nm) § 462340} j ‘ ]

isotopes 199, 212, 217 & 218 detected % . %
o
20 205 210 215

Isotope
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TRIUMF RIB production

™ accelerator beam
| 500 MeV p* [

L1 25 mm

ISOL: isotope separator on-line

Jens Lassen | TRIUMF Resonant lonization Laser lon Source



R TRIUMF

RILIS Scan for 2" excited states - red I

e Scan for SES from both first excited states
— First scan last year, now repeated and second scan done,

— 701nm transition was difficult to reach with the grating laser, therefore checked with
conventional TiSa

e 6 transitions & 4 levels

- SES @57277 cm1(224+785nm) seen @ CERN in spring 2011 has to be corrected by ~10cm?

o 10000 4 ——46233.64 cm’ 3 oo Detailview
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R TRIUMF

RILIS Scan for Third Excited States - red II

e Scan for TES from three of the four identified SES

— Grating-Ti:Sa fundamental, temporal alignment from 720 — 900 nm
possible

— lonization via one of the red steps

‘ [ e 29 transitions and 24 levels

; 1 | 1 | 1 | 1
F . 33000 Detailview
5 6000 - 510 J
: —_— 5 o s
© - @ Sldteosy e Lol
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@TR'UMF RILIS

Scan for 2nd excited states & AI - blue I

e Blue scan (frequency doubled) from FES & SES

— Periodic structure due to non-resonant ionization and power fluctuation of
the grating laser

— Blue also increased the background (not UV wavelength dependent),
presumably Tl

— Pointing stability without active stabilization of blue Ok for about 20-40 nm
fundamental, then signal drops fast due to steering

Photonenergy of scanning laser / cm’
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QTRIUMF )¢

Scan for SES & AI states - blue II

* Scanning region limited to tuning range of doubling crystal

— Scanning time slowed down significantly due to calibration requirements

-> continued laser development required (theses: J. Grueneisen & T. Quenzel) work
in progress

* Uptonow: 4 transitions and 4 levels for SES, no Al state seen

* Additionally one Tl transition at 755.34nm x 2 was observed

Photonenergy of scanning laser / cm’
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RTRIUMF RIS

Outlook: HFS & isotope shifts

excitation energy of scanning laser / cm’

\ ﬁ;!,;:,_ R Outlook & work to do:
2000 g'g: i% . . o o .
3 LA 224nm + 701nm (i) Hyperfine structure & optical isotope shift
g ¥ a 2011 TRIUMF measurements
: fﬂs i 1AL 1= (9/2-)
2 § i 5, ‘ (ii) 223, 225 At for EDM experiments

total excitation energy / cm™

Indication of HFS for the 701nm transition starting from the 44549

224nm + 701nm cm-1 FES (224nm)

2011 CERN
2057t > |= 9/2-

— Not visible in ISOLDE/CERN scan from spring 2011

To be investigated

ion current (pA)
o
8

1

[
—a

14254.5 14255.0 14255.5 14256.0
wave number (cm-1)



@TR'UMF Radium - new element for TiSa RIMS

(i) IR scan for new states .. 482/IR/532, 304/IR (AI)
(ii) Blue scan 482/blue (RYD-IP)
(iii) 245-278 nm spectroscopy (3n)

89

IP_Ra(i) eV 42573.36(2)cm-1

IP 5.2789eV 42573.36(2)cm-1 [AWTS80] 355n0m limit (2x TISa@710nm): cm-L
42577 [sug74] 266nm limit (2x YHP40): cm01

L>970nm ?7s12p 1P, 40607 40615 cm

?7s11p P°, 3998940021 cm’ ’
? 7510p 1P°1 39095 —-39196 cmt 6d7p intruder ?????
?7s 9p 'P°,  36065-36165 cm? 37895 — 38048 cm™!

7s 8p P°, 32857.68 cm'l 304.343nm NIST

}\114%92.13cm‘ Sansonetti 17 energy levels, NIST (V4) 47 energy levels for Ra l.

T
23776 cm J. Phys. B: Atom. Molec. Phys. 13 (1980) L133-L137.

LETTER TO THE EDITOR

Bound, 7snp 1PO0I series in Ra I: measurements and predictions

J A Armstrongt, J J Wynnet and F S TomkinsS§

t IBM T J Watson Research Center, Yorktown Heights, New York 10598, USA

S Chem. Division, Argonne National Laboratory, Argonne, Illinois 60439, USA Received
A L . 27 November 1979

14403 cm™ 7s7p 3P°,  13999.38 cm-1  Abstract. Absorption measurements of the 7s13p-7s52p 'P: Rydberg series in Ra | are

3po, 13078.44 cm-1 presented. A revised new value of the first ionisation limit (42573.36*0.02cm-') is
derived.

From these measurements and from a systematic trendin Cal,Srland Bal, a
multichannel quantum defect theory (MQDT) analysis is used to predict the location of
A =714.317nm p.

the 7s9p-7s12p and 6d7p 'P: states.
I Russell PR1934

7s7p 1P, 20715.71cm™ check

A=482.725nm
2x 965.450nm

Rasmussen Zphys 1934

7s% 1S,

Jens Lassen | TRIUMF Resonant lonization Laser lon Source



@TRIUMF 2"d step scan -> best excitation scheme

G First step 7s7p 'P° J=1 20715.71 cm™
[ J,x Second steps, green for ionization
S o -
S £
s O O
g ~. Mmeasured [cm] Literature [cm]
>
@)
| -
5]
= GC) 31993.71 31993.41 7s7d 3D 2
I B S 32 000.84 32000.82 7s7d 3D 1
™
= 32214.91 3221484 7p> D 2
= 32 941.39 32941.13 7p2 3P 2
X
o Best scheme
o
I = .
~ Signal enhancement laser/surface= 3-4
™
(without protons, low temperature target)
o

1500
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