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Physics introduction: constraints on the
density dependence of symmetry energy
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Constraints given only for p<p,,.
SAMURAI-TPC project for p~2p,.
Soft EoS is not realistic to explain NS data.
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Isospin diffusion in heavy ion collision

o
- B O,

e Asymmetric systems (A+B) move towards isospin
equilibrium under the influence of symmetry energy.

e Useful to probe the symmetry energy at subsaturation
densities in peripheral A+B collisions.

e ie. p<py E<100AMeV
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Sn + Sn central collisions at E/A = 50 MeV
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Nuclear density to be probed with

iIsospin diffusion in HIC.
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Observables to study isospin diffusion in HIC

e \We can see: {

: ticipant
— Light fragments from participants

participants target

— Heavy residue from spectator ~ Pprojectile

Isoscalmg for light fragments

* lsoscaling parameter . Towenoem ]
— Isotopic yields from reactions ?;
differing in their isospin ;200 7
composition found to satisfy: g
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Does isoscaling work?

o shown to be linear in central collisions.
« Just looking light fragments from collision.
e (so far)
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[ Dense matter with heavy ion collision ]

[ Dynamics of heavy ion collision ]
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How to deal with the systematic error coming

Non-isospin diffusion effects:

e Pre-equilibrium emissions ° : lo

e Coulomb effects

\
il @ O
XAA - XBB
Ri=-1

from heavy ion collision analysis?
e Sequential decays
Ri=+1

X: Observable sensitive to Esym
- /

e Introduction of isospin transport ratio to cancel out above effect
— Rami et al., PRL, 84, 1120 (2000)

e |sospin diffusion occurs only in asymmetric systems A+B
 No isospin diffusion between symmetric systems

e QObservable X is assumed to be liner to 0. D



Comparison of Ri to transport theory

X2

— For light fragments

— X=2In(Y("Li)/Y("Be))
was also studied.

Ri=+-1: no diffusion
Ri=0: equilibration

ImMQMD: L=40~70
MeV

AMD: L~100 MeV
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Ri for HIC spectator (heavy residue)

e Evaporative and multi-
fragment decay theories
predict:

o =Au, )T =2C,, (AS)L-5)IT
B =Au, /T =-2C, (AS)L-5)/T
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Isospin diffusion experiment at RIBF

Measure fragments that come unambiguously from
residue decay in HIC, as well as light particles .

o

Motivation ‘

— Check the linearity of isoscaling parameters
— Increase sensitivity by using rare isotope beam
]D = jn _jp = _pD(SV(S

ID Increase with 'V O =asymmetry gradient
— See impact parameter dependence through the
measurement of multiplicity

Combine RIBF data with what were taken at MSU.
— 124Sn+124sn’ 1125n+1125n’ 112Sn+124sn
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Make RI beam: BigRIPS (up to 800kcps)

Let the beam collide against targets at F8
Measure the residues produced in the collisions: ZeroDegree



Radiation damage on Plastic counter

F3Pla-R ADC Mean Position
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Residue Bp distribution (LISE
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Reaction Chamber at F8
Target is surrounded by CsI(Tl) array

Zero Degree
Spectrometer

BigRIPS

Movable HI target

Washingten University microball

/D start counter




More about u-ball

NIM A381 (1996) 418-432
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Up to 96 CsI(TI) array for the measurement of g oo o
light fragments. sa000]
ope . 1zuoui In-107 + Sn-124
PID capability for Z~1,2 by using pulse shape o 70AMeV
analysis (fast and slow).
Used for characterization of event: impact
parameter.
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Data sets taken at experiment

o 107n(beam, ~73MeV/u) +124Sn (Target)
o 2Gn(beam, ~73MeV/u) +12Sn (Target)

* |n addition:
— 106Cd(beam, ~71MeV/u) +124Sn (Target)
— 108Sn(beam, ~74.5MeV/u) +124Sn (Target) 10741245 (online)
— Mn(beam, ~71MeV/u) +12Sn (Target)
— 113Sph(beam, ~74.5MeV/u) +112Sn (Target)
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e We will get impact parameter (b) dependence of
momentum spectra of heavy residues produced in HIC.




Does centrality detector work well?: YES!

0 10 20 30
multiplicity



Summary

e |sospin diffusion is one of the important
phenomena in HIC which is useful for the study of

symmetry energy.
— Subsaturation density region.

e |sospin diffusion experiment was performed at
RIBF to give more strong constraint on symmetry
energy.

_ 1°7In+124Sn, 112Sn+1125n

— Combining with MSU data, Ri(0,.4,.) Will be given to
discuss symmetry energy.
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