Tracking saddle-to-scission
dynamics using N/Z in projectile
breakup reactions

SYLVIE HUDAN
September 4, 2012

CHEMISTRY Uy

INDIANA UNIVERSITY




Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State
E(p,0) = E(p,6 = 0) + Egym(p)s> o6=""12

PTotal

=» Migration of neutron to low-density region

w INDIANA UNIVERSITY



Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State
B(p,0) = B(p6 = 0) + Eqym(p)8* 0= 27

=» Migration of neutron to low-density region

& -» Low-density density
always present between
two interacting nuclei

Density

w INDIANA UNIVERSITY



Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State

2 _ Pn — Pp
E(p, 5) — E(p, 5 — O) -+ Esym(p)5 0= — 64Zn + ¢4Zn @ 45 MeV/A
. . ] ] PTotal Ls
=» Migration of neutron to low-density region Peripheral Mid-Peiriphral
- QP
p ) . 14 ST T
0 =» Low-density density : H } +
. always present between N .4 1
= . . . £ [ n "
2 two interacting nuclei 12y
o 1 N S = = = = = = = L - =
= Observation of n-rich  [[ifttiteessgasse?
: material in overlap region " PR
for a symmetric system ot 2t s

Z -7

proj res

Thériault et al., PRC 74, 051602(R) (2006)

w INDIANA UNIVERSITY




Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State
E(p,6) = E(p,6 = 0) + Egym(p)d? 0= PRl iz + wzn @ 45 Mev/

. . ] ] PTotal Ls
=» Migration of neutron to low-density region Peripheral Mid-Peiriphral
- QP

p . ] ¥r o7

0 =» Low-density density : H } +
. always present between N .4 1
= . . . £ [ n "
2 two interacting nuclei 12y
o 1 N S = = = = = = = L - =

= Observation of n-rich  [[ifttiteessgasse?
: material in overlap region " PR

WO smiose 51 forasymmetric system ot
0.5 \\ ' Z i Zres

0@ O & o o=

osp e Collisions of N/Z asymmetric nuclei
O s P | =» Short times

-

1.0

05 i
0.0} 3
0.5 /—
1ol 112Sn, 1248n ;

0 50 100 150
time (fm/c)

Thériault et al., PRC 74, 051602(R) (2006)

IIJ INDIANA UNIVERSITY Tsang et al., PRL 92, 062701 (2004)



Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State
E(p,6) = E(p,6 = 0) + Egym(p)d? 0= PRl iz + wzn @ 45 Mev/

. . ] ] PTotal Ls
=» Migration of neutron to low-density region Peripheral Mid-Peiriphral
- QP

p . ] ¥r o7

0 =» Low-density density : H } +
. always present between N .4 1
= . . . £ [ n "
2 two interacting nuclei 12y
o 1 N S = = = = = = = L - =

= Observation of n-rich  [[ifttiteessgasse?
: material in overlap region " PR

WO smiose 51 forasymmetric system ot
0.5 \\ ' Z i Zres

0@ O & o o=

osp e Collisions of N/Z asymmetric nuclei
O s P | =» Short times

-

1.0

osf S s Ideally: Long-lived system
0.0+

-0.5'_/—_'
1ol 1128n,124Sn ;

0 50 100 150
time (fm/c)

Thériault et al., PRC 74, 051602(R) (2006)

IIJ INDIANA UNIVERSITY Tsang et al., PRL 92, 062701 (2004)



Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State

2 _ Pn— Pp
E(p, 5) — E(p, 5 — O) -+ Esym(p)5 0= — 64Zn + ¢4Zn @ 45 MeV/A
. . ] ] PTotal Ls
=» Migration of neutron to low-density region Peripheral Mid-Peiriphral
- QP
p ) . 14 ST T
0 =» Low-density density : H } +
. always present between N .4 H
= . . . £ [ n "
2 two interacting nuclei 12y
o 1 N S = = = = = = = L - =
= Observation of n-rich  [[ifttiteessgasse?
: material in overlap region " PR
WO smiose 51 forasymmetric system ot
0.5 \\ ' Z i Zres

of SIS . .
0s W Collisions of N/Z asymmetric nuclei
_-LOp—""1125n.124sn 1 =» Short times

Qf«lo IIIIIIIIII

osf S s Ideally: Long-lived system
00F
ot = Damped collisions

0 50 100 150
time (fm/c)

Thériault et al., PRC 74, 051602(R) (2006)

IIJ INDIANA UNIVERSITY Tsang et al., PRL 92, 062701 (2004)



Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

Nuclear Equation of State

2 _ Pn — Pp
E(p, 5) — E(p, 5 — O) -+ Esym(p)5 0= — 64Zn + ¢4Zn @ 45 MeV/A
. . ] ] PTotal Ls
=» Migration of neutron to low-density region Peripheral M Periphieral
- QP
p . ] e T s
0 =» Low-density density : H } +
. always present between N .4 H
= . . . A a "
2 two interacting nuclei 12y
a 15 N S = =T = = .- - L mog
= Observation of n-rich  [[ifttiteessgasse?
- material in overlap region " AR
1.0 — 1I24SIn+iIZSIn IIIIII PZI ] for a symmetric SyStem 0.9 i:‘) G:JSO Ol‘ll? oﬁ 1|4 116 1|s 2|0 22
0.5 \-\ ' ZprojLves

0@ O & o o=

osp e Collisions of N/Z asymmetric nuclei
_-10f—""1125n.1248n 1 =» Short times
Qﬁ 10 IIIIIIIIIIIIII

osf S s Ideally: Long-lived system
00F
ot = Damped collisions

0 0 e e 150 -» Binary decay of PLF*

Thériault et al., PRC 74, 051602(R) (2006)

IIJ INDIANA UNIVERSITY Tsang et al., PRL 92, 062701 (2004)



Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

PLF* Binary Decay

w INDIANA UNIVERSITY




Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

PLF* Binary Decay

* Process with a large cross-section, observed for a variety of systems

Montoya et al., PRL73, 3070 (1994); Bocage et al., NPA676, 391 (2000) ;/'QP
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Mcintosh et al., PRC81, 034603 (2010) - ‘ """"" beam axis
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Vv, From Colin et al.
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The system is not in close proximity with the target but could be
influenced by the target Coulomb field
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Experimental Setup

N/Z
124(,136)X e + 112, 124gn @ 49.2 MeV/A 124X | 12450 | 129N
Experiment performed at GANIL (France) 130 | 148 | 1.24

FIRST: T. Paduszynski et al., NIMA 547, 464 (2005)
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Experimental Setup "

124(,136)Xe 4 112, 1249y @ 49.2 MeV/A 124X | 12480 | 128N
Experiment performed at GANIL (France) 130 | 148 | 1.24
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Isotopic Composition vs Rotation Angle
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Isotopic Composition vs Rotation Angle
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Isotopic Composition vs Rotation Angle
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Isotopic Comp03|t|on vs Rotation Angle
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Isotopic Composition vs Rotation Angle
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Isotopic Composition vs Rotation Angle
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Relatlve Velocity Dependence
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Relatlve Velocity Dependence
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N/Z Time Dependence

P z=4 ] Z,=5

130 « 0°-37° 1.22

{\}F { + 1121

(N)/Z
Z/{N)

1.12

>
7
-
¢ ."
» »*

+ ——
P
[

|

.
.
\
s
.
- ~ -
.
.
116 . .
\
. .
- S v e
- -t .\ A
P 1 RN
COKOH T e a ~a
b . Y -
\ - “ -
\ . e
1
1.1
~
' -
\

EMEPEPEFE SFEPEFERS EPEPEREEE 1 | EPEFEPEPS BPEEPEE EPEPEPE
1'150 1 2 30 1 2 3

time (zs)

[IJ INDIANA UNIVERSITY 1zs=1072"s =300 fm/c




Sylvie Hudan, Asy-EOS 2012, Siracusa

1.3

1.25

(N)IZ

1.15

1.16

1 T L LA AL L I ) B L LA BB BEL BN I
i ZL=4 { ZL=5
B a 0°-37° ]
v 37°-66°
o 66°-90° {
N | hged
-} +— {""':}T{?‘:":{{ }\ﬁ:':::{:'::{-
E Z =6 { Z =8
L AT I [ S ST
0 1 2 30 1 2 3
time (zs)

w INDIANA UNIVERSITY

1.22
1.21
N
£
N
1.12
1.11

oZL=4

September 4, 2012

N/Z Time Dependence

« Strong time dependence
* Two components

1zs=104%"s =300 fm/c




Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

N/Z Time Dependence

i z,=4 | z,=5 | *Z=4
13 o] | 1129 « Strong time dependence
‘ v 37°-66°| | ] « Two components
o 66°-90° : _
i\% t, + har *4L=9,6
1 25le ij ‘E‘%%ﬂ I * Time dependence not as
NOL N T ] ,'} 1 =z pronounced asforZ. =4
pd LA L L L I | 1 LA <
~1 17% Z,=6 { z, =8 N
} 11.12
1.16f {,f {_ “H‘ -
! l} :F}y E%: | ~\:#—1.11
[ T I R T N R ]

time (zs)

[IJ INDIANA UNIVERSITY 1zs=102"s =300 fm/c




Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

N/Z Time Dependence

i z,=4 | z,=5 | *Z=4
13 o] | 1129 « Strong time dependence
“ v 37°-66°| | ] « Two components
i% o 66°-90° { + _.1 ’ .ZL = 5,6
1 psle i ‘E‘%% Z * Time dependence not as
NOL N T ] ,'} 1 =z pronounced asforZ. =4
pd LI L L B L B | I LI AL el
v1171{ Z, =6 { Z =8 N eZ, =8
l,, °Similar dependence for
SN } both short and long times
1.16f {;f + “H‘ -
! l} :F}y t%: ‘ \' ~\:#—1.11
B . L )

time (zs)

[IJ INDIANA UNIVERSITY 1zs=102"s =300 fm/c




Sylvie Hudan, Asy-EOS 2012, Siracusa September 4, 2012

N/Z Time Dependence
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Target Effect on Isotopic Composition ..
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Target Effect on Isotopic Composition ..
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Target Effect on Isotopic Composition ..
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Target Effect on Isotopic Composition ..
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Target Effect on Isotopic Composition ..
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Target Effect on Isotopic Composition ..
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Conclusions
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Conclusions

The (N)/Z of fragments emitted in dynamical decay is correlated with
rotation angle.

Different vreL dependence are observed for forward and backward emission.
Similar <N)/Z increase with vreL for all backward angles.
Evolution of <N)/Z over 2-3 zs (600-900 fm/c)

Target effect on (N)/Z:
¢ Small effect if Z is constant and (N/Z)target changed
Large fragment neutron enrichment for larger target (Z & A)
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Conclusions

The (N)/Z of fragments emitted in dynamical decay is correlated with
rotation angle.

¢ Different vreL dependence are observed for forward and backward emission.
Similar <N)/Z increase with vreL for all backward angles.

Evolution of <N)/Z over 2-3 zs (600-900 fm/c)
Target effect on (N)/Z:

Small effect if Z is constant and (N/Z)target changed
Large fragment neutron enrichment for larger target (Z & A)
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e Difference in (N)/Z time dependence for different Z. may be related to
differences in the initial di-nuclear configuration (different position relative to
saddle and scission points).

W 1~p1aNa UNIVERSITY S. Hudan et al., PRC 86, 021603(R) (2012)
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Conclusions

The (N)/Z of fragments emitted in dynamical decay is correlated with
rotation angle.

Different vreL dependence are observed for forward and backward emission.
Similar <N)/Z increase with vreL for all backward angles.
Evolution of <N)/Z over 2-3 zs (600-900 fm/c)

Target effect on (N)/Z:

Small effect if Z is constant and (N/Z)target changed
Large fragment neutron enrichment for larger target (Z & A)
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Difference in {(N)/Z time dependence for different Z. may be related to
differences in the initial di-nuclear configuration (different position relative to
saddle and scission points).

Target effect due to the target as a neutron reservoir? polarization?

W 1~p1aNa UNIVERSITY S. Hudan et al., PRC 86, 021603(R) (2012)
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Conclusions

The (N)/Z of fragments emitted in dynamical decay is correlated with
rotation angle.

Different vreL dependence are observed for forward and backward emission.
Similar <N)/Z increase with vreL for all backward angles.
Evolution of <N)/Z over 2-3 zs (600-900 fm/c)

Target effect on (N)/Z:

Small effect if Z is constant and (N/Z)target changed
Large fragment neutron enrichment for larger target (Z & A)

~€c

~€c

Difference in {(N)/Z time dependence for different Z. may be related to

differences in the initial di-nuclear configuration (different position relative to
saddle and scission points).

Target effect due to the target as a neutron reservoir? polarization?
In the future, use of damped reactions at radioactive beam facilities?

W 1~p1aNa UNIVERSITY S. Hudan et al., PRC 86, 021603(R) (2012)
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