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Refractory elements
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Molecular beams

N
ZrF,* @ ORSAY
by isocele2 Z.Phys.A 309, 185 (1982)

SrF ;powder + CF, gas ZrF;™ was extracted by Plasma ion source
3He beam

HfF,;* @ isolde

»

NIMB 62(1992)535

Ta foil + CF, gas
p beam

Production yield (at/s)

HfF,* was extracted by
Plasma ion source

WIE, fom Ta foil |
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SICIVIRG RIS PRNRIGCTR Fig 5. procuction vieids of HIES ions from a 122 g/cm® Ta
foil target equipped with a hot plasma-discharge ion-source

and a CF, leak {g=ground state, ml = first isomer, m2 =



Laser-induced breakup + ionization

Zr'l +
Laser-dissoci

Resonant-ionization
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Feasibility study

N
Producing ZrF*

S. Soorkia et al.,
J. Phys. Chem. A, 2011, 115 (34), pp 2620-9632,
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. . . . Figure 2. Mass spectrum of the zirconium fluoride radical. The relative
Figure 1. Outline of the laser ablation - molecular beam experimental intensities of the five naturally occurring isotopologues, i.e,, *ZtF, *'ZtF,
setup used to obtain cold ZrF radicals. 2 8 5 nm + 4 OO -~ 470 n 9271F, **Z1F, and **Z1F, are in the ratio of the isotopic abundances of Zr.

TOF spectrum

Laser radiation of 2 steps: w/Het CH,F gas (2%)

breaking up molecules,
ionizing Zr
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Basic parameters
N

lonization of Zr: Zr 2 Zr" + le-
lonization energy Zr(l)

= 6.63390eV ~2 x 355nm (3.5 eV)

cross section ~ 4x10°'7 cm? (Fe)

Bonding energy of ZrF: ZrF = Zr +F
= 6.3eV (12) ~2 x 355nm (3.5 eV)

cross section ~ 5x10-"ecm?(SF,) 12
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Test with 355nm(@ LARIS lab.

-Top view-

Ablation laser

532 nm (2.3 eV)/
1064 nm (1.16 eV)

TOF tube

MCP

skimmer

Solenoid

valve

( TR . » ;
UV laser: 355 nm (3.5eV) * & . = -
of Nd/Yag e = NI

2/Feb./2012

Valve and lasers are operated with 10 Hz.



TOF spectrum w/only Ar
0

NZrO  %4ZrO

91Zr
267rO

907, 927, 947, 967, %0ZrO °2ZrO

Fatop(C4)

StdVer F1pkpk(C4) P2ZampliCd) P3:max(C4) F4min(C4} Phsdev(C4) FPGmean(Cd) P7.bhase(C4)
value 1.057 W 1.05TV 11 my -1.046 W 176.5 mv -64.2 my -1.046 WV 11 my

v A W W v v A A
10.0 miidiv 500 nsidiv] Stop 7.2 m\
250 KS 5.0 G5/5] Edge Fuositive

-30.00mV
X1= 31.4684 ps

status

-280 pv

Ablation laser: 355 nm 8 mJ
UV(non-resonant ionization): 355@mn3ima012 Nimai  2/Feb./2012



TOF spectrum w/Ar + CF,(6%)

B ZrF" peaks were seen but
disappeared in several
minuets.

B Zr peaks were enhanced and
seemed stable.

B We couldn’t distinguish the
breakup and ionization effect.
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Ablation laser: 532 nm 8 mJ

UV(non-resonantionization): 355 nm 2.3 m)J Z/EE /20112



UV as dissociator and excitator
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Non resonant ionization of Zr

Ablation laser:
1064 nm 3mJ

Dissociation + lonization:

number of °Zr (arb. unit)

355 nm 2m)
2000
time (sec)
<€ > € >
Only Ar Ar+ CF ,(2.4%)
Yield of 2°Zr™ was enhanced |
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Mass spectrum
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* No ZrF* was seen w/Ar +CF,
* Ratio of Zr/ZrO doesn’'t change so much
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UV (355nm) power dependence
N

1. Only Ar gas flow
ZIr > Irt :6.6 eV

Y(Ar+CF4)/Y(Ar)

E 2. Ar + CF, (2.4%) gas flow
g Zr 2> Zr*

g and

g ZtF > Zr +F

I

=_ Zr > Zrt

oN

=

No difference between Ar and Ar+CF,

10.0 12.5 15.0 17.5 . ‘

UV power (mW)

Breaking-up molecules seems saturated.
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Possible mechanism
I
ZrF = Zr + F
ZrF + CH, = Zr +CH.F

S. Soorkia et al.,

J. Phys. Chem. A, 2010, 114 (18), pp 5655

0.83 eV =1520 nm

ZrF + CH,
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On-going works...
0

Resonant ionization: E oo GEEAE e
15" step 281.4920nm + 532 nm 532 nm ~ ©6¢eV
= 543218 cm’’ 4d25s5p t 3F 35514.53 cm"!

o » =2 = 4.4 eV
£
g 3.5 mJ UV 281.4920 nm (air)
= 8+ 6mJ 532

563.10 563.12 563.1}:1- (nfne)3.1e 563.18 563.20 4d25$2 a 3F O Cm_-l

J=2

Molecular breakup:
3 hw (355nm), 2" hw (532nm), 1064 nm of Nd:Yag

power dependence /time difference will be checked.

Removing of ZrO from Zr rod

Etching the Zr rod with acid prior to ablation



How to implement at ISOLDE?

VADIS + RILIS e ]

PLASMA ION-SOURCE
N

= Breaking-up molecule: © e % B

—

VADIS cavity W/severql eV 2 : S T

or breakup laser 2

LINE AND CATHODE
HEATING CURRENT CONNECTION

m Resonant ionization: RILIS

The resonant ionization scheme hasn’t

been established yet.

s
3333
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Summary
0

Feasibility study of breaking-up refractory element
fluoride is on-going with ablation + TOF
spectrometer of Zr.

In the case of non-resonant ioniztion, with small
injection of CF, in Ar gas, large enhancement of Zr*
peaks were observed.

Both laser for resonant ionization of Zr and break-
up molecules are ready.

Further investigation of the phenomenon provides
promising experimental opportunity.
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Outlooks

0
Implementation with VADIS + RILIS

Establishment of resonant-ionization:

hopefully 3 steps-resonant ionization
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La Fin
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Mass spectrum of resonant ionization

resonant ionization
Ar

In both cases, only Zr peaks
were observed.

resonant ionization
Ar+CF,
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