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spin dependent multifragmentation of
==relativistic projectiles
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main result:

==_| - neutron richness of intermediate
| mass fragments requires ...

- reduced symmetry term in the
liquid-drop description used in
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introduction: projectile fragmentation
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the rise and fall T
of multiframentation

invariance with target
or incident energy
as indicator of equilibrium

equilibrium conditions
T~5-6 MeV and p=py/3

experimentally determined ; 3. -
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dashed:

adiabatic evolution,
e.g., collapse

along constant
entropy per

baryon S/B

astrophysical motivation
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the nuclear equation-of-state

temperature dependent
Hartree-Fock theory

relativistic
Brueckner-Hartree-Fock theory
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experiment: isospin dependence Wfﬂl 7 resolution |
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global observables: isotopic effects are small

fragment multiplicity largest fragment
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isotopes: nuclear structure and memory effects

—O— PTbe +Pbat 1A GeV IN/Z=1.52)
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isotopes: nuclear structure and memory effects
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SMM ensemble calculations

used for analysis
(SMM: Statistical Multifragmentation Model)
mass variation with excitation —»

energy taken into account;
fixed to reproduce exclusive yields
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sensitive to symmetry term N
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isoscaling fits
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Isoscaling:

ratios of fragment yields from
two reactions different in N/Z
show exponential behavior as
functions of neutron or proton
numbers

> N
o depends on shift

and widths of
mass dlfstributions
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a = Ap,/T

M.B. Tsang et al.,
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isoscaling
analysis

® O exp.data

similar results with
either combination
of projectile pairs
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fragments in the
hot environment

symmetry term reduced .
at chemical freeze-out I
in multifragmentation reactions
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mass distributions become wider as 20
we move from evaporation to
vaporization

surface term (and temperature)
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discussion
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discussion

neutron richness is a
general phenomenon

Souliotis et al., PRC 75
Ogul et al., JPG (2009)
Hudan et al., PRC 80
Henzlova et al., arXiv
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discussion

neutron richness is a
general phenomenon

Souliotis et al., PRC 75
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discussion cont'd:

tests of

specific assumptions
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with standard parameters

1.4 — \ \ ‘ [ ‘ \ \ I—
— o —8— < N>/Z=1.33 -
13 - AN —o0—- <N>/Z=148 |
B // ,.\\ ~~~~~ %~ Experiment N
1.2 | —
1.1 —
1.0 —
0 2 4 6 8 10 12

1.4 I T \ \ \ \

1.3

1.2 -

<N>/Z
T

1.1

1.0 -

1.4

1.3

1.2 -

<N>/Z

1.1 -

1.0 -

N/Z of spectator system

N/Z difference reduced =>
<N>/Z moves into wrong direction

restoration interval

E "t = 3 MeV corresponds to T=5 MeV
requires even smaller vy




Symmetry energy [MeV]

explanation: "‘f | Ofme | 20fmle | 40 fm/k
: Fe o A L
surface vs. density? A B A )
oF - : i
_ f 2P
a0 | 3 ~ F BT S Y S S— Y Y
~ 5 : s O 1 I ' 2 L"E-:; o |
= - ol ® | 8 %
(YT YL Y E : E -
5 099%,,° 4 5| i i L l HUAT
0 10 0 10 0 10
Z (fm)
*T ® .
c{2zz)furh? —_— excavated Ag nucleus with 70 nucleons
- eV - remaining
15 20 M. Colonna, J. Cugnon, and E.C. Pollacco
PRC 55 (1997) 1404

"Resilience of nuclear matter

Symmetry energy of o : : :
® > ry energy in light ion induced reactions"

AMD fragments at breakup

A. Ono et al., PRC 70 (2004)




relevance for astro

Density dependence of
electron-capture rates R,
on hot nuclei in
supernova environment
at temperatures T = 6
and 0.6 MeV,

and the electron fractions
Y.=0.2and 0.4

reduced y causes
factor 2 here

A.S. Botvina and I.N.
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relevance for astrophysics

. . . H. ¥ =0.2 T=6MeV g vY=25 MeV _
_2 [ -]
Z distributions do not 10k P:”-IPU PN TZISJWEV_E

depend much on y
(left panels)

|
=

TTITT TTTeT TT
-

10 F "\ 4k :
mass distributions 3 1F ]
become wider and >10 oL A NI s i
more neutron rich g Y oo
(right panels) [ L[ Y04 T=06MeV | :

10 "k p=0.0001p,
examples are for ;
temperatures T = 6 MeV m_{ 1t ﬁ
and T = 0.6 MeV
and the electron fractions s?ﬁ
Y.=0.2and 0.4 ot L

Z, charge A, mass number

A.S. Botvina and I.N. Mishustin, NPA 843, 98 (2010)



summary of S254

1. secondary beams essential to enhance effects

2. small changes of global observables with N/Z
important for isolating isospin effects

3. isotope distributions exhibit
memory and structure effects

4. isoscaling obeyed with high accuracy;
reduced symmetry term for hot fragments

5. N/Z dependence of nuclear caloric curve
indicates phase-space driven instability
rather than Coulomb instability

6. spectator neutron source with T=4 MeV,
invariant with system N/Z.
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