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Why use RNBs for producing new heavy nuclei?

* Longer half-lives of products enable more detailed atomic
physics and chemical studies.

Taken from Moller, Nix, and Kratz
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 Lowered fusion barrier due to n-rich projectiles allows lower
E*

* Higher survival probabilities for n-rich products.




Fusion Enhancement—Type I

Simple shift of Fusion Barrier
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Fusion Enhancement—Type 11

Enhancement beyond barrier shift
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Fusion Enhancement—Type 11
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Effect of type 11 enhancement on
heavy element production

Enhancement shown in Liang et al experiment has the effect of lowering the
excitation energy without lowering the production cross section. This effect
appears to be a shift of about one neutron binding energy in E* for 132Sn +
64Ni.

Effect of a shift of B, on Survival Probability

Nucleus E*(MeV) Enhancement in Survival Probability

256No 13 1.5
45 1.1

270Ds 13 S
45 1.1
282118 13 56

45 1.15



Calculational Model

*RIA Beam List
*All “stable” targets

'

*Fusion Probability

l

*Survival Probability

l

*Recalculate “best” cases using detailed fusion model

Yield in atoms/day




RIA Beam List
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ields (per se)

Yields (per sec)

Details of RIA Yields

Estunated Vields 21400 MeVi (100KW), forNe (2= 10) Ertmtod Vil o 40 Mo o (1COKW), o Ar 2 18
T T T T T : - . : - Estimated Vields = 400 M=V (100KW) for Kx @ = 26)
1o ®
10t
#-
100 ® °
. o . Tl
. 10! 10t
L
It - ol o sge o
°
e '
1 1 -
jt3 .
O L] ®
y B ¢ 10
0 7 . L4 K o|
] 5
4 2
& PRt
¢ g1 L 2 L3
. g =
&
L] o
v 1> e
v 1% [ ]
') .
T :
102 1
®
o - () | ad B (]
= S 4 p 8
N L]
| | \ L I L
10— % 10
A
g
L]
107 T T T
A
| I I | I I
10—y ES £ S = =5
a
Estimated Yields at400 MeV/u (100KW), for Xe (2 = 54) Estimated Vields 2t 400 MeV/u (100kW), for Ca (Z=20) Estimated Yields 2t 400 MV fu (100KW). for 3n (2= 50)
Ie T T T T T T
102 - > - 100
» .
L . o '. )
100 : . . 100 . "
L) ° hd
® ® oo le ole |
1 1 o
1t - L
L
e ® °
1 ° ° 1
1P L =
o R ) . L)
® 7 . Z
i e £ 3 L b4
o 5 0 Ls 5
L 3
E=! L4 .
® [
jt3 - 4 1
10 5
[
o
1 S g 1
] [ o 4 °
. . N\ .
102 B Al AP s ot =4 J
4 - \o¢
¢ . ° b
104
o
Rt o T T T T T ! o I ! !
“ el oy A T . L e,
Z % [ R - [




Details of Model

« Semiempirical fusion systematics (Armbruster, Ann.
Rev. Nucl. Sci. 35, 135)

« I'n/T'f systematics (Vandenbosch and Huizenga)

« Detailed calculation of fusion probability using
HIVAP

* No fusion enhancement except lowered fusion
barrier for n-rich nuclei (Zyromski et al., 1997)




experimental cross section (pb)
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Success of Model
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Heavy Element Production Rates for
RNBand Stable Beams
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Best Stable Beam Reactions for
New Elements*

« Zn+2YBi— 28113 +n o=~ 0.1pb
¢ 70Ge + 293Pb —2%3114 + n o~ 0.04 pb
¢ 76Ge + 20Bj —2%4115 + n o= 0.01 pb
. 800 + 208Ph —287116 + n oc~=351b
S1Br + 203Pb —238117 + n o=0.91b

* Excludes radiative capture reactions



Nuclear Spectroscopy of n-rich

Nuclei
256 Fm 244Pu(1°C,4n) 10° atoms/day
257Fm 244Pu('7C,4n) 1800 atoms/day
257Fm 232Cf(®He,3n) 10° atoms/day
258Fm 244Pu(13C,4n) 500 atoms/day
259Fm 244Pu(*C,4n) 100 atoms/day
260Fm 244Pu(**C,4n) 25 atoms/day

261 244Pu(*2C,5n) 1atoms/day



Atomic Physics and Chemistry of

vV V. V VYV V V VYV V VY V

the Heaviest Elements

100 atom/day list
239Fm (or lighter) 244Pu(1°C,4n)
260V[d 244Py(29N,4n)
261N 244Py(210,4n)
261N 248Cm(17C 4n)
2621 252Cf(14B,4n)
264Rf 244Py(24Ne,4n)
265Dh 252Cf(17N,4n)
268Gg 252Cf(200,4n)
26ON's 243Cm(*°Na,4n) 20

270Hs 249BK(?°Na, 4n) 1.4



Half-lives of Transuranium Nuclei
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Impact of RIA on Synthesis of
New Elements

Synthesis of New Elements
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What about conventional “cold
fusion” reactions?

* The predicted cross sections are too low for the
available beam intensities. For example,

196p(83Kr,n)?*3114 0.7 x 10-38 101
204 g(%Kr,n)27116 1.1x 1038 1010
209Bi(%0Cu,n)?74112 0.3x 10-3¢ JORE
208Pb(61Fe,n)?%Hs 4.6 x 103 10°

208Pph(>?Cr,n)*°0Sg 7.5x 1034 107




