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Fusion process of heavy reaction system
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Quasielastic scattering = Information of the fusion barrier distribution




What 1s the Coulomb barrier?
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Measurements of barrier distributions

From fusion cross-section

From quasielastic scattering at large scattering angles This work
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Previous research

Detection of the projectile nucleus which reflected to 6,,, = 172°
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Measurements of barrier distributions with GARIS
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at the Coulomb barrier]

[Barrier distribution] [Reflection probability R

I ' 22Ne+28Cm
a5 T B
08k %} S TR N
o AN :
o 3 { ! 1
= 06 e -
o 1 |
T QA4f S -
E :
0.2 I Eig g::: (Upper limit) ii; ,,,,,,,, ,,,,,,,,,,
0.0k : :$*+++'+++++-+—
020 b
LL] . . . . . . . . . . . . . . . . . .
5= T OO 5050 0 I S S SO O
g i N A
< 0.10L-------- S S S SR 4 Lo R S S e Lo S S B S O S S
e | +: h . . . . . . . . . . . . . . .
bo . } . . . £ . . . r . . . . . . . .
Soos. (L L f“ﬁf}ﬂ ffffff T NI .
OO S s S I T - S I
e A LS S I 5 S S
160 1%0 12'0 1'10 1'20 11'%0 1410 17'0 18'0 160 2(.")0 21'0 1'70 180 1'90 2('30 2'10 2'20
Ec.m.(MeV)

Reflection probability decreases
with increasing the E,
(Beyond the Coulomb barrier)




Deep-inelastic scattering events
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Deep-inelastic scattering events
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Counts

Deep-inelastic scattering events
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Deep-inelastic scattering events | “Ar+*Cm, E_,,
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Upper limit for deep-inelastic scattering events
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Comparison with coupled-channels calculation CCFULL*

----- Single channel (without any coupling)
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Comparison with coupled-channels calculation CCFULL

- Single channel (without any coupling)

— Deformation
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Barrier distributions are strongly affected by the deformation.



Comparison with coupled-channels calculation CCFULL

— Deformation
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Comparison with barrier distributions and ogg

Hot fusion reactions T, Tanaka et al.,
(**Ne+248Cm, 6Mg+248Cm, 48Ca+233U, 48Ca+248Cm) 3. Phys. Soc. Jpn. 87, 014201 (2018).
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Peaks of the ogg appear well above the average Coulomb barrier By(dogg/ dog = 0.5)
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Coulomb barrier heights for deformed target nucleus

Zoom up of the yellow area
300 220 Vi
%- 250 [ ~ 48Ca+2%Cm 210 4aCa+248Cm VN(J".Q) _ 0 )
S 200p o= == [ L 5o 1 +expl{r — Ry — Rr }_, BirYo(0)}/al
> 150 ‘, N N >
T 100 % 190 - (16)
g 50 180 . AN ZP Z;l"(f2
S 0 Ve(r,0) =
g 0 — 70 N c(r.0)
-100,==—1 160 2 p2
0 31 12 13 14 15 16 9o 11 12 13 14 15 16 n 3ZpZre” Ry Bor + 2 fiﬁg Ya0(6)
Distance r [fm] 5 r3 - AR 2l
g 3ZpZré? R*
10 | | | | | + 9 75 Bar + \/—ﬁnr Y40(0)
“Ca+*®Cm g 3ZpZre* RS
3 SEPEIT T B Yeo(® 17
S 205 3 ﬁﬁr 60(6), (17)
>
Tg’ \ K. Hagino, Phys. Rev. C 98, 014607 (2018)./
£ 200
3
g
& 195 g
. B(q)sin(q)dg
§ B =
§ 190 0 P
V, = 100.0 MeV, r, = 1.18 fm, a, = 0.69 fm 2
B,=02972,r.=1.18fm Slﬂ((]) dq
185/ I I I I I
0 10 20 30 40 50 60 70 80 90

0 [deg]

Example; 4Ca+24Cm
B, = 199.5 MeV
@ Change the V), to reproduce the B,

Biide (=90 deg) = 207.4 MeV

19



Coulomb barrier of the side collision B,
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Coulomb barrier of the side collision B,
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Coulomb barrier of the side collision B,
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V. Zagrebaev et al., Phys. Rev. C 78, 034610 (2008).

ogg values are enhanced at the energy which corresponds to a compact collision
geometry with the projectile impacting the side of the deformed target nucleus.
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Summary

v Measurement of the barrier distribution
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Thank you for your attention.



