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application of modern optimization and statistical methods, together
with high-performance computing, has revolutionized nuclear DFT
during recent years.

In our study, we use quasi-local Skyrme functionals15 in the
particle–hole channel augmented by the density-dependent, zero-
range pairing term. The commonly used Skyrme EDFs reproduce total
binding energies with a root mean square error of the order of
1–4 MeV (refs 15, 16), and the agreement with the data can be signifi-
cantly improved by adding phenomenological correction terms17. The
Skyrme DFT approach has been successfully tested over the entire
chart of nuclides on a broad range of phenomena, and it usually per-
forms quite well when applied to energy differences (such as S2n), radii
and nuclear deformations. Other well-calibrated mass models include

the microscopic–macroscopic finite-range droplet model (FRDM)18,
the Brussels–Montreal Skyrme–HFB models based on the Hartree–
Fock–Bogoliubov (HFB) method17 and Gogny force models19,20.

Figure 2 illustrates the difficulties with theoretical extrapolations
towards drip lines. Shown are the S2n values for the isotopic chain of
even–even erbium isotopes predicted with different EDF, SLy421, SV-
min13, UNEDF015, UNEDF122, and with the FRDM18 and HFB-2117

models. In the region for which experimental data are available, all
models agree and well reproduce the data. However, the discrepancy
between various predictions steadily grows when moving away from
the region of known nuclei, because the dependence of the effective
force on the neutron-to-proton asymmetry (neutron excess) is poorly
determined. In the example considered, the neutron drip line is
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Figure 2 | Calculated and experimental two-neutron separation energies of
even–even erbium isotopes. Calculations performed in this work using SLy4,
SV-min, UNEDF0 and UNEDF1 functionals are compared to experiment2 and
FRDM18 and HFB-2117 models. The differences between model predictions are
small in the region where data exist (bracketed by vertical arrows) and grow

steadily when extrapolating towards the two-neutron drip line (S2n 5 0). The
bars on the SV-min results indicate statistical errors due to uncertainty in the
coupling constants of the functional. Detailed predictions around S2n 5 0 are
illustrated in the right inset. The left inset depicts the calculated and
experimental two-proton separation energies at N 5 76.
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Figure 1 | Nuclear even–even landscape as of 2012. Map of bound even–even
nuclei as a function of Z and N. There are 767 even–even isotopes known
experimentally,2,3 both stable (black squares) and radioactive (green squares).
Mean drip lines and their uncertainties (red) were obtained by averaging the
results of different models. The two-neutron drip line of SV-min (blue) is

shown together with the statistical uncertainties at Z 5 12, 68 and 120 (blue
error bars). The S2n 5 2 MeV line is also shown (brown) together with its
systematic uncertainty (orange). The inset shows the irregular behaviour of the
two-neutron drip line around Z 5 100.

RESEARCH LETTER

5 1 0 | N A T U R E | V O L 4 8 6 | 2 8 J U N E 2 0 1 2

Macmillan Publishers Limited. All rights reserved©2012

Institut Pluridisciplinaire
Hubert CURIEN

STRASBOURG

Terra	incognita	…

Our	landscape	…

COLLOQUE	GANIL					-			Strasbourg			-			Sept	9-13	2019



Institut Pluridisciplinaire
Hubert CURIEN

STRASBOURG

COLLOQUE	GANIL					-			Strasbourg			-			Sept	9-13	2019

Institut Pluridisciplinaire
Hubert CURIEN

STRASBOURG

22    28          82        126           104      154                          104     152 50Ti   +  208Pb   =>  258Rf   (CN)  => 256Rf    + 2n

256Rf

50Ti

Ti
Titanium
47.867
σ 6.09

Z=22 
Ti 44

-37548.3 (8)
59.2 a

0+
ε

γ 78* 68* 146 w
σ 1.1

Ti 45
-39006.9 (12)

184.8 m
7/2−

β+ 1.044 (0.32) w...,ε
γ 720 1408 w 1661 w

  425 w 1236 w...

22N=

Ti 46
-44125.3 (11)

0+
8.25%
σ 0.59

Ti 47
-44931.7 (10)

5/2−
7.44%
σ 1.7

Ti 48
-48487.0 (10)

0+
73.72%
σ 7.84

Ti 49
-48558.0 (10)

7/2−
5.41%
σ 2.2

Ti 50
-51425.8 (10)

0+
5.18%
σ 0.179

Ti 51
-49726.9 (13)

5.76 m
3/2−

β- (2.15) (1.54)
γ 320 929 609

Ti 52
-49464 (7)

1.7 m
0+

β- 1.834
γ 124 17

24 26 28 30

......

Faisceau	50Ti

Z=82 

N=

......
Pb
Lead
207.2
σ 0.171

Pb 202
-25948 (10)

3.53 h
9−

↓ 961 422
787...
ε

γ 490 460
390 241...

52.5E3 a
0+
ε

no γ

Pb 203
-24801 (7)

480ms
29/2−
↓ 839
258
874
634

1027...

6.3 s
13/2+
↓ 825
820

5 ? vw

51.87h
5/2−
ε

γ 279
  401
  681

Pb 204
-25123.5 (29)

1.120 h
9−

↓ 899 912
375 622
289...

≥ 1.4E17 a
0+

1.4%
σ 661 mb

Pb 205
-23783.7 (29)

5.54 ms
13/2+

↓ 26 e- 988
284 703
310 1014...

1.53E7 a
5/2−
ε

no γ

120 122

Pb 206
-23800.6 (29)

0+
24.1%
σ 6.3 mb
+26.6 mb

Pb 207
-22467.1 (29)

806 ms
13/2+

↓ 570 1064
1/2−

22.1%
σ 610 mb

Pb 208
-21763.6 (29)

0+
52.4%

b
σα b

Pb 209
-17629 (3)

3.253 h
9/2+

β- 0.6446
no γ

Pb 210
-14743 (3)

22.3 a
0+

β- 0.0170 0.0610
γ 47 e-

α 3.72 vw
σ 0.5

124 126 128

208Pb

82        126
208Pb22    28 50Ti   +



Institut Pluridisciplinaire
Hubert CURIEN

STRASBOURG

5COLLOQUE	GANIL					-			Strasbourg			-			Sept	9-13	2019 70Zn + 209Bi(Z=83) → 278113 + 1n 

278113 = 278Nh

278Nh

Cold	fusion		208Pb/209Bi
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48Ca + 249Cf(Z=98)  → 294118 +3n 
48Ca + 249Bk(Z=97)  → 294117 +3n 

/	hot	fusion		48Ca

48Ca + 248Cm(Z=96) → 293116 +3n 

248Cm

249Bk

249Cf

294118 = 294Og 
294117 = 294Ts 
293116 = 293Lv

70Zn + 209Bi(Z=83) → 278113 + 1n 

278113 = 278Nh

293Lv

294Ts

294Og

278Nh

Cold	fusion		208Pb/209Bi
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50Ti + 248Cm  →  295118 +3n 

50Ti + 249Cf   →  295120 +4n 

50Ti + 249Bk   →  296119 +3n 

50Ti

50Ti, 51V, 54Cr  + 248Cm, 249Bk, 249Cf

120  Ubn

119  Uue

New	beams	for	SHE…		50Ti, 51V, 54Cr
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50Ti + 248Cm  →  295118 +3n 

50Ti + 249Cf   →  295120 +4n 
51V + 248Cm  →  296119 +3n 
50Ti + 249Bk   →  296119 +3n 

50Ti

50Ti, 51V, 54Cr  + 248Cm, 249Bk, 249Cf

51V + 249Cf   →  297121 +3n 

121  Ubu

120  Ubn

119  Uue

New	beams	for	SHE…		50Ti, 51V, 54Cr

51V 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50Ti + 248Cm  →  295118 +3n 

50Ti + 249Cf   →  295120 +4n 
51V + 248Cm  →  296119 +3n 

54Cr + 248Cm →  298120 +4n 

50Ti + 249Bk   →  296119 +3n 

50Ti 54Cr 

50Ti, 51V, 54Cr  + 248Cm, 249Bk, 249Cf

54Cr + 251Cf   →  301122 +4n 
51V + 249Cf   →  297121 +3n 

121  Ubu

120  Ubn

119  Uue

122  Usb

New	beams	for	SHE…		50Ti, 51V, 54Cr

51V 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50Ti + 248Cm  →  295118 +3n 

50Ti + 249Cf   →  295120 +4n 
51V + 248Cm  →  296119 +3n 

54Cr + 248Cm →  298120 +4n 

50Ti + 249Bk   →  296119 +3n 

50Ti 54Cr 

50Ti, 51V, 54Cr  + 248Cm, 249Bk, 249Cf

54Cr + 251Cf   →  301122 +4n 

& 48Ca           +  254Es,                ???

51V + 249Cf   →  297121 +3n 

121  Ubu

120  Ubn

119  Uue

122  Usb

257Fm

New	beams	for	SHE…		50Ti, 51V, 54Cr

51V 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Zagrebaev V.I. et al., Nucl. Phys. A 944 
(2015) 257-307

With  
Cross sections are coming down …

	50Ti, 51V, 52,54Cr
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What	about	cross	secLons	?

Need an increase by a factor of 10-20 for these very intense beams !
… and also target that sustain 5 - 10pµA

Zagrebaev V.I. et al., Nucl. Phys. A 944 
(2015) 257-307

With  
Cross sections are coming down …

	50Ti, 51V, 52,54Cr

5 pµA x 30 MeV energy loss = 150W in beam spot !
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238U + 248Cm 
 (multinucleon transf.) 
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120  Ubn
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New	beams	for	SHE…		238U…

238U + 238U, 248Cm, 254Es 
(multinucleon transf.) 

©	Ackermann	D. 9
9A. Karpov et al. arxiv.org/abs/1810.04025

121  Ubu

120  Ubn

119  Uue

122  Usb

http://arxiv.org/abs/1810.04025
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New	beams	for	SHE…		238U…

238U + 238U, 248Cm, 254Es 
(multinucleon transf.) 
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FIG. 10. Production cross sections of final products in the 238U + 254Es reaction at Ec.m.
= 900 MeV. Contour lines are drawn

over an order of magnitude of the cross section down to 1 pb.

of this sub-shell on the formation of the primary prod-
ucts (compare primary and final fragments for Rf and Db
isotopes in panel (b) of Fig. 9). Impact of the N = 162
sub-shell is also present in Db and Sg distributions ob-
tained in the 238U + 248Cm reaction.

As can be seen from Fig. 9, the yields of primary frag-
ments are rather large. For example, excited Z = 114
nuclei can be produced with the cross sections of about
1 µb (not shown in Fig. 9). Nevertheless, high excita-
tion energies and angular momenta lead to rather low
probabilities of their survival.

The production cross sections for the 238U + 254Es
reaction products with Z > 91 are shown in Fig. 10.
In this reaction unknown neutron-enriched isotopes of
elements from U to Md can be produced with the cross
sections exceeding 1 µb. The above-discussed decrease of
the isotopic distributions with increasing atomic number
imposes certain restrictions on the formation of above-
target nuclei. In particular, the possibility of synthesis of
unknown superheavy nuclides in DI collisions of actinides
is rather limited.

The initial orientation of statically deformed nuclei
also affects the production yields of heavy above-target
nuclei. Lower excitation energies of primary fragments
formed in a more compact side-to-side collisions will in-
crease their survival probability. On the other hand, the
cross sections for primary products for the side-to-side
collisions are smaller than for other orientations. The
final yield is a product of the survival probability and
primary cross section. Determination of an optimal col-
lision energy is of great importance for planning experi-
ments on production of heavy nuclei and will be a topic
of future studies.

IV. CONCLUSIONS AND OUTLOOK

In this paper, the multinucleon transfer processes in
low-energy collisions are analyzed for both spherical and
statically deformed nuclei. The model provided a rea-
sonable agreement between the calculated and the mea-
sured energy, angular, charge, and isotopic distributions
of reaction products for a number of MNT reactions with
medium-mass and heavy nuclei.

The mutual orientation of colliding statically deformed
nuclei in the entrance channel strongly affects the reac-
tion dynamics at near-barrier energies. This applies to
the absolute values and widths of the energy, angular,
mass, and charge distributions of reaction products ob-
tained for different mutual orientations of projectile and
target nuclei. These orientational effects gradually dis-
appear with increasing collision energy to the values well
above the Coulomb barrier for all orientations.

The developed approach allows us to calculate yields
of the above-target nuclei produced in collisions of heavy
actinides at near-barrier collision energies. The calcula-
tion results show a strong exponential drop of the pro-
duction cross sections with increasing atomic number due
to high excitation energies and angular momenta of pri-
mary products. This drop was earlier observed experi-
mentally for the 238U + 238U/248Cm reactions [17, 18].
This fact makes the region of new superheavy nuclides to
be hardly reachable in MNT reactions. However, there
is a real chance to produce a number of neutron-enriched
isotopes of heavy actinides with the cross sections ex-
ceeding 1 µb in the MNT reaction with the 254Es target.
Both theoretical and experimental studies of the en-

ergy dependence of the production yields of heavy
neutron-enriched nuclei in MNT reactions with heavy
ions is of special interest for determining conditions for

10
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FIG. 9. Isotopic distributions of final above-target products obtained in collisions of actinides. The thin, dashed, and thick
histograms correspond to the results of the calculations for the reactions 238U + 238U (E = 7.5 MeV/u), 238U + 248Cm (E = 7.4
MeV/u), and 238U + 254Es (E = 7.3 MeV/u), respectively. The experimental data for the 238U + 238U reaction (triangles)
are taken from Ref. [17], and for 238U + 248Cm (circles) are from Ref. [18]. For more details see the text. The heaviest known
isotopes of given chemical elements are indicated by the vertical dotted lines. The thick dashed curves show primary isotopic
distributions of Rf and Db.

makes the synthesis of the superheavy elements unrea-
sonable using this reaction. However, in some cases the
yields of yet-unknown neutron-enriched isotopes of heavy
actinides are sufficiently large for their experimental iden-
tification. The vertical dotted lines in Fig. 9 indicate the
heaviest known isotopes for each chemical element.

The production cross sections of heavy TLFs for the
given Z are approximately four orders of magnitude
larger for the 238U + 248Cm reaction compared with
238U + 238U. It certainly motivates one to use the heav-
iest available target in order to achieve the largest pro-
duction cross sections for heavy and superheavy nuclei
in DI collisions. We have performed calculations for the
238U + 254Es reaction as one of the possible combinations

with heavy target (see Figs. 9 and 10). The collision en-
ergy was set to E = 7.3 MeV/u (Ec.m. = 900 MeV),
which is slightly above the Coulomb barrier for the side-
to-side mutual orientation (VC = 874 MeV). The whole
angular range is covered in the calculations, but practi-
cally all above-target products are emitted in the forward
angles up to θlab. = 55◦.

The calculations for the 238U + 254Es reaction predict
an additional shoulder for No and Lr isotopic distribu-
tions that becomes a maximum for Rf, Db and Sg dis-
tributions. The explanation of this phenomenon is the
impact of the N = 162 neutron sub-shell on formation
of final reaction products from primary ones during the
de-excitation process. Note, that there is no visible effect

A. Karpov et al. arxiv.org/abs/1810.04025

238UCot2

121  Ubu

120  Ubn

119  Uue

122  Usb

http://arxiv.org/abs/1810.04025
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50Ti  + 208Pb → 256104 + 2n 

Detailed	spectroscopy	of	SHE	with	MIVOC	 50Ti 

Greenlees, Rubert et al., 
PRL 109 (2012) 012501

50Ti  + 209Bi → 257105 + 2n 

P. Brionnet PhD thesis IPHC 2017
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50Ti, 51V, 54Cr  +   208Pb, 209Bi …

New	beams	for	SHE…		50Ti, 51V, 54Cr

50Ti

54Cr 

51V 

11
SHELS	+	GABRIELA
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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		96,9	%						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, 51V, 52,54Cr	 
-	Z=20	
-	N=20,28

Vanadium	

Z=23	

Isotopes	

50V				0,25	%			N=27	
51V		99,75	%			N=28	

Tfusion				=	1910	°C	
Tboiling			=	3407	°C

Scandium	

Z=21	

Isotope	

45Sc		100	%		N=24	

Tfusion				=	1541	°C	
Tboiling			=	2836	°C
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MIVOC
sublimation of organometallic 

compounds

Sputtering
tear away out of an 

enriched rod (metal titanium)

Penning Ion Gauge 
ionization by an electric discharge

(metal titanium)

Inductive Oven
high temperature sublimation from 

a metallic or oxyde pellet
TiO2 TiCl4

Ti (M)

Ti (M)
TiO2

TiO2

Ti (M)

TiO2

Intense metallic beams  
 

-  Bring titanium in the ECR plasma
-  Generate high charge states
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First Titanium MIVOC beams  
 

-  Need stable organometallic compound
-  with enough vapor pressure

H. Koivisto et al., NIM B 187 (2002)111
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First titanium MIVOC beams  
 

-  test all commercial available
-  Oxygen-free (Ti getter)

Cp*	Ti	Me3

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

46 Ti 7.9% 3.6* 4.7 * 4.8 * 4.8 * 3.9 1.6 *

47 Ti 7.3% 3.3 * 4.3 * 4.4 * 4.4 * 3.6 * 1.4 *

48 Ti 73.9% 33 43 44 45 36 * 14.3

49 Ti 5.5% 2.5 * 3.2 * 3.3 * 3.3 * 2.7 * 1.1 *

50 Ti 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. 

Intensities of measured  Ti ion beams from H. Koivisto et al., NIM B 187 (2002)111

Cp*	Ti	Me3																											STREM
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50Ti	Cl4

Cp*	50Ti	Cl3

Cp*	Ti	Me3

Isotopic titania: Cp* 46,47,Nat,50Ti Me3 
Start fromTiCl4

enabled MIVOC  
from 48Ti  &  50Ti 
-> @JYFL from 2011 
-> @ Dubna Sept 2017 
-> @ Ganil Sept 2017 
-> @ RIKEN Sept 2017

0,5 pµA chopped on target
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50Ti	Cl4

Cp*	50Ti	Cl3

Cp*	Ti	Me3

Isotopic titania: Cp* 46,47,Nat,50Ti Me3 

Reprocess or start form TiO2
enabled MIVOC from  
 - 47Ti (JYFL April 2017) 
- 46Ti (Dubna Sept 2017)

Start fromTiCl4

enabled MIVOC  
from 48Ti  &  50Ti 
-> @JYFL from 2011 
-> @ Dubna Sept 2017 
-> @ Ganil Sept 2017 
-> @ RIKEN Sept 2017

Next step: several pµA !!!
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       beam out of source           on target   trans.  cons.   
JYFL  4.5eµA (11+) = 0.4 pµA   ==>  0.022 pµA    5.5%  ~1.2 mge/h
          (50Ti beam with ECRIS2 source TiO2 in inductive oven)

      19 eµA (11+) = 1.7 pµA   ==>  0.044 pµA    2.6%  ~0.6 mge/h
          (50Ti beam with ECRIS2 source MIVOC Cp*TiMe3)

GANIL 28 eµA (10+) = 2.8 pµA   ==>  0.450 pµA   16.0%  ~0.2 mge/h
          (50Ti beam with ECR4 source)

DUBNA 55 eµA (5+) = 11.0 pµA   ==>  0.490 pµA    4.5%  ~0.6 mge/h
          (50Ti beam with U400M ECR4M source)

      67 eµA (10+) = 6.7 pµA  (48Ti beam with DECRIS-2M @ test bench) 
      80 eµA (5+) = 16.0 pµA  (50Ti beam with DECRIS-2M @ test bench) 

RIKEN 11 eµA (11+)=  1.0 pµA   ==>  0.330 pµA   30,0%  ~5-6 mge/h
         (48Ti beam with high T° oven)

      14 eµA (11+)=  1.3 pµA  (48Ti beam with RILAC 18 GHz ECRIS)

      15 eµA (11+)=  1.5 pµA   ==>  0.450 pµA   33,0%  ~0.5 mge/h            
      (50Ti beam with RILAC 18 GHz ECRIS)

Beams from Cp* 50Ti Me3 
	IPHC	(Z.	Asfari,	B.	Gall,	J.	Piot,	J.	Rubert,	H.	Faure,	M.	Filliger	)	
	JYFL	(J.	Ärje,	R.	Seppälä,	H	Koivisto,	P.	Greenlees)	
GANIL	(F.	Lemagnen,	P	Leherissier,	C.	Barue	B.	Osmond,	J.	Piot	)	
JINR	(S.	Bogomolov,	V.	Loginov,	A.	Yeremin)	
RIKEN	(M.	Kidera,	K.	Morimoto,	K.	Morita)

Next step: several pµA !!!
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Vanadium MIVOC beams

Cp2 V 201608100852 
Cp2VMe2 
Pel. Temp. 30deg.C 

tested at RILAC ECR 18GHz ion source: 

Identification of 2 possible MIVOC of Vanadium

Need further comparison test between Cp2 V Me2 
and  Cp2 V   compounds

Cp2 V Me2

15 eµA (11+)= 1.4 pµA 
 8 eµA (12+)= 0.7 pµA

IPHC Mass spectrometer 

RILAC Ion source

(~0,5 pµA on target)
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Chromocene: Cp2Cr

IPHC Mass spectrometer 

Synthesis @IPHC Strasbourg 
   from Cr2O3

Process efficiency ~50% , but we work on reprocess 

Successfully  
extracted 

5+ -> 95 µA 
         => 19 pµA …

Tested on DUBNA ECR ion sources

~1 pµA on target expected

Very pure compound (recristalized Cp2Cr)

5 6 7 8 9 10 11 12 13
0

20

40

60

80

100

120

C2+ C+

 

 

 

54Cr(C
5
H

5
)

2 

3+

7+

6+

4+
5+

I, 
mA

Im, A

2018 success

Cr Cl3

Cp2 Cr

Cr2 O3

Study of fission of E120 in Dubna 2019
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MIVOC	beams	exist:		50Ti, 51V, 52,54Cr	

Need an increase by a factor of 10-20 for these very intense beams !
-> New machine  (SHE Factory)  => no more foil extraction
-> Higher beam transport efficiency
-> New ECR sources (DECRIS-PM  & DECRIS-SC) 
    … increase of RF frequency  14 -> 28 GHz … Gelles law => i ~f2

    … 60 GHz high field (5T) source proto 
        in development in France (LPSC) …
-> Better coupling MIVOC to ECR plasma 

R&D	2019:		238Ucot2
Present-day MIVOC beam up to 0,9 pµA without chopper
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Better plasma coupling
New internal feed for FLNR ECR4M

Need test time & test bench … Формат А0Копировал
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Better coupling MIVOC - plasma 
Better vacuum conditions 
                        => should give more beam …

(c) S. Bogomolov
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MIVOC
sublimation of organometallic 

compounds

Sputtering
tear away out of an 

enriched rod (metal titanium)

Penning Ion Gauge 
ionization by an electric discharge

(metal titanium)

Inductive Oven
high temperature sublimation from 

a metallic or oxyde pellet
TiO2 TiCl4

Ti (M)

Ti (M)
TiO2

TiO2

Ti (M)

TiO2

Titanium beams  
 

-  Bring titanium in the ECR plasma
-  Generate high charge states
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Ti (M) pellets

Inductive oven (JYFL)
•Heating up to 2000°C 
•Induction in Mo
•W crucible (IPHC)

M.P. 1668°C

TiO2 pellets

M.P. 1885°C
Needs reduction of TiO2 Direct use

©M. Savonen

Titanium beams  
 

-  Bring titanium in the ECR plasma
-  Generate high charge states

J. PIOT PhD Thesis

one got 4.5 eµA out of ECRIS2 @JYFL



COLLOQUE	GANIL					-			Strasbourg			-			Sept	9-13	2019

Institut Pluridisciplinaire
Hubert CURIEN

STRASBOURG

24

• Heating up to 3000°C
• Small size
• Thermal screening 

Inductive oven
Ongoing R&D @ IPHC Strasbourg

• Study phase in 2018 
• Size 2 oven S1 2019
• Size 1 oven S2 2019

Aim …

Time table :

2017: 
- First inductive tests @ IPHC                  

2019: 
- HT tests + CC 
- Vacuum Prototype  
- tests in Dubna 
- tests in Grenoble & GANIL

2018: 
- Gather power &vacuum parts

should also give several pµA beams

1119°C
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DC-280
• DECRIS-PM (14 GHz)

• DECRIS-SC (18GHz)
•SHE > 5.8 - 6.2 MeV/A
•transmission close to 50%
•A=50 K = 280
    => q =7+ or 8+

Expected Ti beams …
Extrapolated Intensities @ DC280

Measured

… and more  
with inductive !

       beam out of source             
ECR4M    55 eµA (5+) = 11.0 pµA   ~0.6 mge/h
          (50Ti beam with U400M ECR4M source)

DECRIS2M 67 eµA (10+) = 6.7 pµA  
         80 eµA (5+) = 16.0 pµA  
DECRISPM 90 eµA (9+) = 10.0 pµA  

Extrapolations (… 0,5 x 0,6 = 30%)
DECRISPM       (9+) = 3 pµA   
DECRISPM  (hyp. 8+) = 2-5 pµA   
DECRIS2M  (x 1,65)  = 3-8 pµA  

1119°C
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Summary	
- 50Ti MIVOC beams  coming close to the pµA level  => 2-8 pµA on DC280,
- Almost one year of integrated beam on target ( JYFL, FLNR, GANIL, RIKEN)
- Already nice results with 50Ti MIVOC  (256Rf, 257Db),
- New MIVOC compounds of Vanadium and Chromium,
- R&D for 238U MIVOC should give results soon.
           … Start SHE synthesis with MIVOC 50Ti & 54Cr @ SHE factory

PROGRAM	2019-2030	…
- Ti, V, Cr, U Beams @ SHE Factory 
- improve MIVOC-plasma coupling 
- Inductive oven (in preparation) 

- Laser ionisation ? 
- 60 GHz ECRIS ? 
- + High temperature targets …
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Thank	you	for	your	abenLon
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