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Introduction - What are compound nucleus reactions?

Bohr's two stages model:

@ Formation of compound
nucleus (CN) from colliding
nuclei. Nucleon-nucleon
interactions lead to thermal
equilibrium.

@ Evaporation of « particles or
nucleons from the excited
compound nucleus followed
by ~ ray emission.

However, CN may not survive - fission!
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Introduction - Fusion cross section

@ Fusion cross section (o7,s)
depends on the energy E T = 15(2“1} o
2 ;

fus
and angular momentum /.

@ Partial wave model:
approach and contact of
nuclei 5 > (2/+ 1),
probability of tunneling

partial / wave through the i k
Coulomb barier T;(E).

o However for sub-barrier Empirical model based on the

fusion it is necessary to partial wave summation [1].
overcome Coulomb barrier

— quantum tunneling.

[1] http://nrv.jinr.ru/nrv/webnrv/fusion
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Sub-barrier fusion Q-value rule
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Reduced energy scaling - Eg
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&
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various fusion 100 = 28Si+24Mg
2 o 28Si+26Mg
systems! A 28Si+30Si
v 30Si+24Mg
o 103 + 30Si+26Mg
S < 32S+25Mg
] ~ > 325+26Mg
@ In these cases simple 2 o 325+27Al
energy scaling is o : gjg:ggmi
introduced. o o 34S+26Mg
13 - 285+i28Si
0,01 T T T 1
. E\C/m——i_Q 20 25 30 35 40

ct@ | E,. /MeV

International summer practice 2018, Adam Broni¥ Study of sub-barrier fusion systematics 5/10



Reduced energy scaling - Eg

1000
A
@ But how to compare E

various fusion = 28Si+24Mg
I o 28Si+26Mg

systems? A 28Si+30Si
v 30Si+24Mg
4 30Si+26Mg
< 32S+25Mg
5 » 32S+26Mg

@ In these cases simple e 32S+27Al
o o * 34S+24Mg
energy scaling is .« 345+25M
introduced. > 34S+26Mg

~ 28S+i28Si

0101 T T T T

° E — E\c/m—‘i‘QQ 20 25 30 35 40

+
C ) E.m / MeV
International summer practice 2018, Adam Broni¥ Study of sub-barrier fusion systematics 5/10



Reduced energy scaling - Eg
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Reduced energy scaling - Er symetrical systems

Er = E\C/é"ij@Q - reduced energy,

@ E. . - energy in center of
mass frame.

@ Q - fusion Q value

_ ZyZie?
o V= R - Coulomb

barrier where
o R=rp(A5>3 + AL?)

@ However, some data follows
trend opposite to the
Q-value rule!

(Alfffuj\l”) - reduced cross section
p t
100 5
10 A & I8

Grus (Mb) / (AIR+ALR)
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Reduced energy scaling - Er symetrical systems
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Reduced energy scaling - Er symetrical systems

@ Possible mismatch in data
e 28,3OSH_24,26Mg?

@ Changing the data sets
24Mg <— 2°Mg makes
them much more consistent
with similar systems

@ Another experiments
focused on these datasets
needed to confirm our
assumption.
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Reduced energy scaling - Er symetrical systems

100 5
104 PRTY
@ Possible mismatch in data e oo
28,30Q: | 24,26 ¥ oor @ 25521 01 0 RO 1251 e
sets “°USi+“Mg? ——| SIS IRINC (i rioo ety rt
= 0014
S 1e4 ] i
. b\-‘- tBASvZA}P’]gr
e Changing the data sets es] [l porscind
24Mg <— 2°Mg makes o e
. E, e
them much more consistent - @ R @
with similar systems 0] A
g 4]
<
2<P 014 = 28Si+26Mg r0=1.0 R Q=18.55 MeV
_ < o] v o0 aearo-0s G105 ey
@ Another experiments 5 o] A L asimeireaue
focused on these datasets Sea| 11 .
o *
needed to confirm our H :
\):1032”9\/
assumption. P Py e P P
J Ex/ MeV

International summer practice 2018, Adam Broni¥ Study of sub-barrier fusion systematics 7/10



Reduced energy scaling - Er symetrical systems

@ Possible mismatch in data
e 28,3OSi+24,26Mg?

@ Changing the data sets
24Mg <— 2°Mg makes
them much more consistent

with similar systems \

@ Another experiments
focused on these datasets
needed to confirm our

assumption.

International summer practice 2018, Adam Broni¥

Q=18.55 MeV

® 28Si+26Mg r0=1 R Q=18.55 MeV/
v 308i+24Mg r0=1 R Q=17.89 MeV
9

0,001 5

1E-4 4

Orys (Mb) / (ATP+AS)

* 345+24Mg 10=1 R Q=16.33 MeV
. U ® 345+25Mg 10=1 R Q=18.03 MeV
a 9 345+26 =18.33 MeV/
285i+28Si 10=1 R Q=10.92 MeV/
1E-6 T T T T T T T
075 08 08 09 08 100 105 1,10
Ex/ MeV
o O g
104 & 74
=
S 14
<
¥

= 28Si+26Mg 0=1.0 R Q=18.55 MeV/
® 28Si+24Mg 0=1 R Q=12.91 MeV
= v 30Si+26Mg 0=0.98 R Q
_ * 1
i) —
a
E o001 b
(%] I > M
[ -1
T 1E44 I . azs+z7m 021 RQ 450 eV
© * 345+24Mg r0=1 R Q=16.33 MeV/
1E-5 4 H .
°
1E6 T T T T - ——
075 080 08 09 095 100 105 110

En/ MeV

Study of sub-barrier fusion systematics

Ad
$ m 28Si+24Mg r0=1.0 R Q=12.91 MeV

7/10



Reduced energy scaling - Eg Ni+Ni systems
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Reduced energy scaling - Eg Ni+Ni systems
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Reduced energy scaling - Er asymetrical systems

@ Similar trend also for
asymetrical systems.

@ However, one data point
correspondig to the
I7F 4 208Ph clearly out of
systematics

@ Nevertheless, the variations

of the ry seems to be small.
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Reduced energy scaling - Er asymetrical systems

@ Similar trend also for
asymetrical systems.
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Conclusions

@ Reduced energy scaling can be used for comparison of
different fusion systems.

@ Furthermore, data inconsistencies can be identified by use of
this energy reduced scaling.

@ "Quality” of data can be evaluated even with this relatively
simple approach.
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