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Titanium	  
	  
Z=22	  
	  
Isotopes	  
	  
46Ti 	  	  	  8,0	  %	  	  	  	  N=24	  
47Ti 	  	  	  7,3	  %	  	  	  	  N=25	  
48Ti 	  73,8	  %	  	  	  	  N=26	  
49Ti 	  	  	  5,5	  %	  	  	  	  N=27	  
50Ti 	  	  	  5,4	  %	  	  	  	  N=28	  
	  
	  
Tfusion	  	  	  	  =	  1668	  °C	  
Tboiling	  =	  3287	  °C	  	  

Chromium	  
	  
Z=24	  
	  
Isotopes	  
	  
50Cr 	  	  	  4,3%	  	  	  	  N=26	  
	  

52Cr 	  83,8%	  	  	  	  N=28	  
53Cr 	  	  9,5	  %	  	  	  	  N=29	  
54Cr 	  	  2,4	  %	  	  	  	  N=30	  
	  
	  
Tfusion	  	  	  	  =	  1907	  °C	  
Tboiling	  =	  2671	  °C	  	  

Calcium	  
	  
Z=20	  
	  
Isotopes	  
	  
40Ca 	  	  	  8,0	  %	  	  	  	  	  	  N=20	  
42Ca 	  	  	  0,6	  %	  	  	  	  	  	  N=22	  
43Ca 	  	  	  0,1	  %	  	  	  	  	  	  N=23	  
44Ca 	  	  	  2,0	  %	  	  	  	  	  	  N=24	  
46Ca 	  	  	  0,004	  %	  	  N=26	  
48Ca 	  	  	  0,2	  %	  	  	  	  	  	  N=28	  
	  
Tfusion	  	  	  	  =	  842	  °C	  
Tboiling	  =	  1484	  °C	  	  

Magic	  beams	  for	  SHE…	  	  40,48Ca, 50Ti, 52,54Cr	  	  
-‐	  Z=20	  
-‐	  N=20,28	  
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The Ti compound, ðCH3Þ5C5TiðCH3Þ3, contains
38 atoms and the Fe compound, FeðC5H5Þ2, 21
atoms while both compounds contain only one
atom of interest. For the same total number of
atoms in the plasma, the amount of titanium in the
plasma would be about one half of that of iron.

As a next step, the long-term stability of the
beam and the consumption rate of the material
were studied. The gas feeding system of the new
source was completed in order to make the accu-
rate tuning of the vapor flow rate possible. Fig. 4
shows the arrangement. In the test the JYFL 14
GHz ECRIS was tuned for Ti10þ ion beam. After
a short tuning procedure 30 lA of beam was ob-
tained. The use of the gas mixing did not improve
the intensity of Ti10þ ion beam. The tuning of

the source was kept constant during the test of
43 h.

The intensity of the ion beam was very stable
during the experiment. At the end of the test the
intensity of Ti10þ beam was 29 lA. The carbon–
titanium ratio was constant during the experiment
indicating that no remarkable contamination was
caused. The consumption of the compound was
measured to be 47 mg giving the value of 0.22 mg/
h for the consumption of titanium. This gives the
value of 3.0% for the production efficiency of Ti10þ

ion beam. Here the production efficiency is

mðTiqþÞ=mðTiÞ; ð1Þ

where mðTiqþÞ is the mass flow rate of charge state
q+ measured as an ion beam current in the Fara-

Table 1
Intensities of measured Ti ion beams in lA

Isotope/charge 8+ 9+ 10+ 11+ 12+ 13+

46Ti 7.9% 3.6$ 4.7$ 4.8$ 4.8$ 3.9 1.6$
47Ti 7.3% 3.3$ 4.3$ 4.4$ 4.4$ 3.6$ 1.4$
48Ti 73.9% 33 43 44 45 36$ 14.3
49Ti 5.5% 2.5$ 3.2$ 3.3$ 3.3$ 2.7$ 1.1$
50Ti 5.3% 2.5$ 3.2$ 3.3$ 3.3$ 2.7$ 1.1$

The abundance of the titanium isotopes in natural titanium is also shown. The asterisk denotes intensities estimated from the intensity
of the same charge state of a different isotope. The extraction voltage was 10 kV.

Fig. 3. The Ti ion spectrum obtained using the MIVOC method at the new JYFL 14 GHz ECRIS. The ion source and the optics were
tuned for the charge state of 11+. The typical current of C4þ is 120–140 lA.

114 H. Koivisto et al. / Nucl. Instr. and Meth. in Phys. Res. B 187 (2002) 111–116

First	  Titanium	  MIVOC	  beam	  
-‐	  Need	  for	  stable	  organometallic	  compound	  
-‐	  Enough	  vapor	  pressure	  
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-‐	  Cp*	  Ti	  Me3	  
-‐	  Cp2	  Ti	  Me2	  
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Cp2Ti(CH3)2	   Cp*50Ti(CH3)3	  

à 	  Mass	  spectra	  @	  JYFL	  (Jyväskylä,	  Finlande)	  
à 	  If	  ok	  go	  to	  ECR	  ion	  source	  …	  
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Total	  efficiency	  :	  up	  to	  95%	  !!!	  

Synthesis	  steps	  

-‐ 	  Enrichment	  of	  TiCl4	  URENCO	  

-‐ 	  Vacuum	  extrac`on	  

-‐ 	  Synthesis	  step	  1	  :	  
	  	  	  TiCl4	  =>	  Cp*TiCl3	  

Cp*	  Ti	  Me3	  

-‐ 	  Synthesis	  step	  2	  :	  
	  	  	  	  Cp*TiCl3	  =>	  Cp*TiMe3	  

-‐ 	  Condi`onning	  
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STRASBOURG First	  isotopic	  MIVOC	  50Ti	  beam	  
-‐	  19	  µA	  50Ti11+	  out	  of	  	  JYFL	  d’ECRIS2	  	  
-‐	  490	  enA	  on	  target	  
	  
	  Several tests 

- JYFL : Spectro 256Rf (50Ti + 208Pb ==> 256Rf + 2n) 
- GANIL : 28µA 48Ti10+ out of ECR 
- JINR : tests ongoing 

2 Thesis : J. Piot & J. Rubert  
 J. Rubert, J. Piot et al. NIM B 276 (2012 )33 

Cp*	  Ti	  Me3	  

consump`on:	  0,2	  mg/h	  

When chemists work with physicists …!
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STRASBOURG First	  Prompt	  Gamma	  Spectroscopy	  of	  256Rf	  
-‐	  50Ti	  +	  208Pb	  ==>	  256Rf	  +	  2n	  
	  

σ	  ~	  17	  nb...	  
Ebeam	  =	  242	  MeV	  

First	  
Rota`onnal	  
band	  in	  256Rf	  
P.T.	  Greenlees,	  J.	  Rubert,	  J.	  Piot,	  B.	  JP	  
Gall	  et	  al.	  submited	  to	  PRL	  

J.	  Rubert	  PhD	  Thesis	  UdS	  
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2210	  256Rf	  observed	  
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52Cr (83,8%) 54Cr (2,4%)	  	  	  
-‐	  Cp2	  Cr	  

à 	  Mass	  Spectrometry	  =	  >	  OK	  
à Go	  for	  chemistery	  …	  

Cp2	  Cr	  
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- Access to MIVOC 50Ti beams  
at pµA level expected on target 
- Start from TiCl4 … 

	  IPHC	  (J.	  Rubert,	  Z.	  Asfari,	  B.	  Gall)	  
	  JYFL	  (J.	  Ärje,	  R.	  Seppälä,	  P	  T	  Greenlees)	  
GANIL	  (J.	  Piot,	  F.	  Lemagnen,	  P	  Leherissier	  
	  	  	  	  	  	  	  	  	  	  	  	  	  C.	  Barue	  B.	  Osmond	  )	  
FLNR	  (S.	  Bogomolov)	  

Still a lot of work to be done …	  	  

To be developped :  
-  Synthesis starting from TiO2 
-  Synthesis of Enriched Chromocene 

-  tests on several places  
   (need dedicated source access time) 
- R&D for more intense ? 


