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PHC : :
i Cold fusion 208Pb/ 209:Bl

N

278113 = 278Nh
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PHC : : :
= Cold fusion 208Pb/209B1/ hot fusion 48Ca

| 48Ca + 249Cf(Z=98) — 294118 +3n o

48Ca + 249BK(Z=97) — 294117 +3n
48Ca + 248Cm(Z=96) — 293116 +3n

=

294118 = 294Qg
294117 = 294Ts
293116 = 293y

278113 = 278Nh
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V-
"""" —==  New beams for SHE... 5011, 51V, 54Cr

PROGRAM 2019 - 2030 ...
50Tj 51\ 54Cr + 248Cm), 249Bk, 249Cf
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V-
—== New beams for SHE... 5011, 51V, 54Cr
PROGRAM 2019 - 2030 ... IIII

o
50Tj. 51V 54Cr + 248Cm, 249Bk, 249Cf

50T} + 248Cm — 295118 +3n
50Tj + 249BK  —> 296119 +3n

50Tj + 249Cf — 295120 +4n
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"""" —==  New beams for SHE... 5011, 51V, 54Cr

PROGRAM 2019 - 2030 ...
50Tj 51\ 54Cr + 248Cm), 249Bk, 249Cf

50T} + 248Cm — 295118 +3n

50Tj + 249BK  —> 296119 +3n
¥, py STV + 248Cm — 296119 +3n

S e - .
w5y 4 ST+ 249Cf — 296120 +4n

51V + 249Cf  — 297121 +3n
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"""" —==  New beams for SHE... 5011, 51V, 54Cr

PROGRAM 2019 - 2030 ...
50Tj 51\ 54Cr + 248Cm), 249Bk, 249Cf

54Cr

50Tj + 248Cm — 295118 +3n
50Tj + 249Bk  — 296119 +3n
- e 51\/ + 248Cm — 296119 +3n
e SIV g;; 50Tj + 249Cf — 295120 +4n
‘ T 54Cr + 248Cm — 298120 +4n
51V + 249Cf — 297121 +3n
S4Cr + 291Cf — 301122 +4n
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PROGRAM 2019 - 2030 ...
50Tj 51\ 54Cr + 248Cm), 249Bk, 249Cf
& 48Ca + 2545 257Fm 27?7

54Cr

50T} + 248Cm — 295118 +3n

SOTi + 249BK  — 296119 +3n
1\ + 248Cm — 296119 +3n

,"1 50Tj + 249Cf — 295120 +4n
% 4Cr + 248Cm — 298120 +4n
STV + 29Cf — 297121 +3n
S4Cr + 291Cf — 301122 +4n
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What about cross sections ?
with 5011, 51V, 5254Cr

Crodd decliond ae coming doun ...

Zagrebaev V.I. et al., Nucl. Phys. A 944
(2015) 257-307
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What about cross sections ?
with 5011, 51V, 5254Cr

Crodd decliond ae coming doun ...

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

Need ar, increade by a factot of 1020 o thede very inlende beamd !/
. and also larget that sustain & - QoA
6 A x 30 Mel enengy loss = I50W in beam spot /
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238 + 248Cm

(multinucleon transf.)

‘ PROGRAM 2019 - 2030 ...

/ @M(.p r

Usb

Ubu

ol Ubn
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‘ PROGRAM 2019 - 2030 ...

238 + 238|J. 248Cm. 2%4Es
(multinucleon transf.) '

b

A. Karpov et al. arxiv.org/abs/t810.04025



http://arxiv.org/abs/1810.04025

PROGRAM 2019
238 + 238

- 2030 ...
- 248Cm, 254

(multinucleon transf.)

238U Cot,

Usb

Ubu

ol Ubn

1m

019
© Ack

n

O
Pu % Am Cm
o
10 2
A ot
£10% LLL\ LL'T
s
8
@10
¢
8§
10°
1072 10
232 240 248 240 248 240 248 242 248 256 248 256 248 256 248 256 248 256 264
236 244 236 244 236 244 252 244 252 244 252 260 252 260 252 260 252 260
mass number
— ™, E=75Meviu (b)
10° a2 10°
rrrrrr U+, E=7.4 MoVl (0° <8y, <55°)
No
— ; 72uu‘z5bgs‘ E=7.3MeViu
£10% Lr 10°
<
5
g \H’[ Rf ob
8
210" sg 10°
g H Hs Mt
10% ' , [ nuﬂ 1e0]
i ] i i ‘H‘ ;J Ll JJJ vi Ds
1072 i S i L Tl 1o

252 260 252 260 268 260 268 260 268 260 268 260 268 276 268 276 272
256 264 256 264 256 264 256 264 272 264 272 264 272 264 272 268 276
mass number

FIG. 9. Isotopic distributions of final above-target products obtained in collisions of actinides. The thin, dashed, and t
sults of the calculations for the reactions ***U + **U (E = 7.5 MeV /u), **U + ***Cm (E -
3 MeV /u), respectively. The experimental data for the **U + ***U reaction (trian
+ #%Cm (circles) are from Ref. [18]. For more details see the text. The heaviest kr
ments are indicated by the vertical dotted lines. The thick dashed curves show primary isot

3
are taken from Ref. [17)
isotopes of given chemical
distributions of Rf and Db

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



http://arxiv.org/abs/1810.04025

IPHE Detailed spectroscopy of SHE with MIVOC 5°7T1

il M

200 300
Energy (keV)

A

Greenlees, Rubert et al.,

PRL 109 (2012) 012501 P. Brionnet PhD thesis IPHC 2017

@DUBNA
@GANIL
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V-
"""" —==  New beams for SHE... 5011, 51V, 54Cr

PROGRAM 2019 - 2030 ...
50Tj, 91\ 94Cr + 208pp 209Bj .

54Cr

SHELS + GABRIELA

COLLOQUE GANIL - Strasbourg - Sept9-13 2019
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Magic beams for SHE... 40.48Ca, 5011, 51V, 5254Cr

- /=20

- N=20,28

Calcium Scandium

Z=20 =21

Isotopes Isotope

0Ca 96,9% N=20

2Ca 0,6% N=22

BCa 0,1% N=23

4Ca 2,0% N=24 | %Sc 100 % N=24
46Ca 0,004 % N=26

BCa 0,2% N=28

Tfusion = 842 OC Tfusion =1541 °C
Tboiling = 1484 °C Tboiling = 2836 °C

COLLOQUE GANIL
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Titanium
7=22

Isotopes

4Ti 8,0%
“Ti 7,3% N=25
“8Ti 73,8 %
Ti 55% N=27
Ti 5,4%

= 1668 °C
=3287°C

T
T

fusion

boiling

Vanadium
7=23

Isotopes

0V 0,25% N=27
>V 99,75 % N=28

=1910°C
= 3407 °C

Tfusion
T

boiling

Chromium
7=24

Isotopes

0Cr 4,3% N=26

>2Cr 83,8% N=28
»Cr 9,5% N=29
Cr 2,4% N=30

=1907 °C
=2671°C

T
T

fusion

boiling

12



PHC

Institut Pluridisciplinaire

Hubx

“ Intense metallic beams

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

Différentes techniques

Penning Ion Gauge

ionization by an electric discharge

( metal titanium)

Sputtering

tear away out of an

enriched rod (metal titanium)

Inductive Oven

high temperature sublimation from

tallic or oxyde pellet

COLLOQUE GANIL

- Strasbourg - Sept 9-13 2019

MIVOC

sublimation of organometallic
compounds

13



PHC

~ First Titanium MIVOC beams

- Need stable organometallic compound

- with enough vapor pressure

H. Koivisto et al., NIM B 187 (2002)111

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019
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First titanium MIVOC beams

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

Cp* Ti Me, STREM
Intensities of measured Tiion beams from H. Koivisto et al., NIM B 187 (2002)111
LCRIETEE 8+ 9+ 10+ 11+ 12+ 13+
charge
46'T'1 7.9% 3.6 4.7 48" 4.8* 3.9 16"
47T1 7.3% 33" 43" 4.4% 4.4* 3.6" 14"

T

B T A v L Y L C O Y L T D

L 50T 5.3% 25* MEEL PYE

'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.

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019 15



Institut Pluridisciplinaire
AAAAAAAAAAAAAA

enabled MVOC
W 87 & S0F;
~> @IVFL from 200/
-> @ Dubna Sept 2017
-> @ Ganil Sept 2017 Cp* Ti Me,
-> @ RIKEN Sent 2017

0.5 oA chopped on larget



y 4

PHC
= |sotopic titania: Cp* 46:47.Nat.50Tj Mes

enalbled MVOC
W 87 g 5072
- @INVFL from 201/
-> @ Dubna Sept 2017
-> @ Ganit Sept 2017
-> @ RIKEW et 2017

Keunocedd 0% stard foun 1602
enalbled MVOC from

- VT (JVFL Al 2007)
- 7 (Dubnas Sewt 20/7)

Nextt atep. several puA 11/

Cp* Ti Me,



Beams from Cp* °0Ti Mes

IPHC (Z. Asfari, B. Gall, M. Filliger )
JYFL (J. Arje, R. Seppdild, 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)

beam out of source on target trans. cons.
JYFL 4.5euA (11*) = 0.4 puA ==> 0.022 puA 5.5% ~1.2 mge/h
(°°Ti beam with ECRIS2 source TiO2 in inductive oven)
19 eyA (11%) = 1.7 puA ==> 0.044 puA 2.6% ~0.6 mge/h
(°°Ti beam with ECRIS2 source MIVOC Cp*TiMe3)
GANIL 28 euA (10*) = 2.8 puA ==> 0.450 puA 16.0% ~0.2 mge/h
(°°Ti beam with ECR4 source)
DUBNA 55 euA (5%) = 11.0 puA ==> 0.490 puA 4.5% ~0.6 mge/h

(°°Ti beam with U400M ECR4M source)

67 el.lA ( 10+) = 6.7 p}lA (48Ti beam with DECRIS-2M @ test bench)
80 euA (5%*) = 16.0 PUA  (5'Ti beam with DECRIS-2M @ test bench)
RIKEN 11 epA (11*)= 1.0 puA ==> 0.330 puA 30,0% ~5-6 mge/h

(48Ti beam with high T° oven)

14 euyA (11*)= 1.3 PUA  (4Ti beam with RILAC 18 GHz ECRIS)
15 eyA (11*)= 1.5 puA ==> 0.450 puA 33,08 ~0.5 mge/h

(°°Ti beam with RILAC 18 GHz ECRIS)
Next aten. severalopud 11/

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019



PHC

leated at RILAC ECR [8GHz, ion dousce. 15 eyn (11%)= 1.4 pua

8 euA (12*)= 0.7 puA

(~0.5 puA on tanget)

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019 C;QZV ; 18



PHC
“ Chromocene: CpzCr

Verry faure: compound thecristalized Cp2Cr) Cp2 Cr
Froceds egficiency ~50% . but we wok on heproceds

leated on DYBNA ECR ion sourced

extnacted | s g
E
5+ - 95l K AR (A TLAR
=>9muA .. LIV T

~/ Al on tarnget expected
Ql‘aa’% of fasion of £120 in Oubna 20/9

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019 19
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PHC . .
~=m - MIVOC beams exist: 50T1, 51\[, 52’54(:1'

R&D 2019: 238Ucot,

Present-day MVOC beam up o 0.9 puh without

/Veeda/z&wwmeé%aWO//O—ZOWMeV@z%mwaéem/
-> New machine /Q#[Facl‘o‘z%/ => no moe foil extraction
-> Higher beam trandpo'dl efficiency

-> New ECR dourced (DECRIS-PM & DECRISEC)
. tnereade of KF grequency 14 -> 28 GH, ... Gelled baw => ¢ ~f

. 60 GHz high field (57) sournce prolo
in development in, Frarnce (LPSC) ..

-> Gelter. coupling MVOC bo ECR plasma

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019 20



IPHC Better plasma coupling

New intorna, foed o FLNR ECRAN

Getter coupling MVOC - plasma
Belter, vacuum conditiond

->Mou(/a’gwe/7w’wéem .

Hcnonsenve 2786 04420000-01
Ocmanshoe - o ucnonwenve 2786 04120000

9% 220

T

Need toat time & toat bench
COLLOQUE GANIL - Strasbourg - Sept9-13 2019 (c/g‘ BOW&V 21



PHC

Institut Pluridisciplinaire

— Titanium beams

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

Différentes techniques

enriched rod (metal titanium)

Penning Ion Gauge

ionization by an electric discharge
T (metal titanium)

Sputtering

tear away out of an

MIVOC

high temperature sublimation from , sublimation of organometallic

allic or oxyde pellet S compounds
\\ = / -

COLLOQUE GANIL - Strasbourg - Sept9-13 2019 22




IPHC

Institut Pluridisciplinaire

Hubert CURIEN
STRASBOURG

Titanium beams

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

Inductive oven (JYFL)
* Heating up to 2000°C

¢ Induction in Mo

e W crucible (IPHC) N
HrTTD e Ti (M) pellets TiO; pellets
M.P. 1668°C M.P. 1885°C
Needs reduction of TiO» Direct use
one got 45 euA out of ECRISZ @JVFL

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019 23



IPHC

Institut Pluridisci

— Inductive oven

e Heating up to 3000°C 2007
. - Firdl inauctive tests @ (PHC
e Small size
20/8:

* Thermal screening - Gathen power Evacuum parts
lime lable . 2019

e Study phase in 2018 | - A7 tests + CC

Lo - Vacwwun Proto

Size 2 oven S1 2019 _ il in DMMW
e Size 1 oven S2 2019 - ledld in Grenoble & GAMIL

dhould also give deveral pud beamd

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019



PHC

Institut Pluridisci
Hubx

- Expected Ti beams ...

plinaire

DC-280
* DECRIS-PM (14 GHz)

* DECRIS-SC (18GHz)
*SHE > 5.8 - 6.2 MeV/A

e transmission close to 50%
* A=50 K =280

=>q =7*or 8*

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019

Meaduwred

beam out of source
ECR4M 55 euA (5*) = 11.0 puA

(°°Ti beam with U400M ECR4M source)

DECRIS2M 67 euA (10*) = 6.7 puA

80 euA (5*) = 16.0 puA
DECRISPM 90 euA (9%*) = 10.0 puA
Extrapotlationd (.. 06 x 06 = 30%)
DECRISPM (9+) = 3 puA
DECRISPM (hyp. 8+) = 2-5 puA
DECRIS2M (x 1,65) = 3-8 puA
with inductive /

25



Summary

-50Ti MIVOC beams coming close to the ppA level => 2-8 ppA on DC28o0,

- Almost one year of integrated beam on target (JYFL, FLNR, GANIL, RIKEN)
- Already nice results with 5oTi MIVOC (25¢Rf;, 257Db),

- New MIVOC compounds of Vanadium and Chromium,
- R&D for 238U MIVOC should give results soon.
... Start SHE synthesis with MIVOC 5°7Ti & 54Cr @ SHE facto

PROGRAM 2019-2030 ...

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

- Laser ionisation ?
- 60 GHz ECRIS ?

COLLOQUE GANIL - Strasbourg - Sept 9-13 2019 = h ngh temperature targets




Thank you for your attention
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SHE STATUS ...
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