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@ Motivation



Nuclear Matter Equation of State

Equation of State(EOS)

The energy of per nucleon in a nuclear matterE(p, 3, T).
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What & Why Symmetry Energy

Symmetry Energy

E(p,8) = E(p,0) + Esym(p)d* + O(5%)
Esym(p) =E(p,6 =1) — E(p,6 =0)

Isospin Dependence of Strong Interactions
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Egym vs p is unclear
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There is great uncertainty at super-high and sub-saturation density.
Need to be constrained by experiment!



Current constraints on Egym (p)
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Esym(po) = 32.5 £ 2.5 MeV L = 551 25 MeV
Eqym(p) = Esym(po) (p/po)” with v = 0.9 £ 0.4
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@ proton
@ neutron

F; fromv isoscale potential, deflexion;

Fcou from Coulomb potential, anticlockwise;



@ proton
@ neutron

F; fromv isoscale potential, deflexion;
Fcou from Coulomb potential, anticlockwise;
F? on proton from isovector potential;

. . clockwise
F7* on neutron from isovector potential;



Stronger isovector potential
larger a!!
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@ proton
@ neutron

F; fromv isoscale potential, deflexion;
Fcou from Coulomb potential, anticlockwise;
F? on proton from isovector potential;

. . clockwise
F7* on neutron from isovector potential;



Tool: ImMQMD model
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© Results and discussion



Isospin effect on polarization
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e Symmetry potential has effect on polarization angle.



Isospin effect on polarization
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e Symmetry potential has effect on polarization angle.
o Effect is more clear on pre-oriented projectile.



Isospin effect on polarization
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e Symmetry potential has effect on polarization angle.
o Effect is more clear on pre-oriented projectile.

o Polarization direction is changed more with stronger symmetry
potential (v = 0.5).



Impact parameter dependence
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With impact parameter decreases, the isospin effect becomes more

and

more weak.

o Asymmetry degree becomes smaller and smaller;

@ Too strong isoscale potential weakens isospin effect.



Clear density range
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Clear density range
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Clear density range

b=6 fm symbols fory=0.5 | b=7fm
lines for y=2.0

0
t (fm/c) t (fm/c) t (fm/c)

120

40

30

o HIC, difficult to exclude col-
lision events and distinguish

s .
25 the density.
E
uc? MSLO adopted
° i o Deuteron breakup reaction,
—7r=20 no collision and clear density
1jo 15 range.



Clear density range

b=6 fm symbols fory=0.5 | b=7fm
lines for y=2.0

0
t (fm/c) t (fm/c) t (fm/c)

120

40

30

o HIC, difficult to exclude col-
lision events and distinguish

s .
25 the density.
E
u‘? MSLO adopted
° i o Deuteron breakup reaction,
—7r=20 no collision and clear density
1jo 15 range.



Clear density range
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Angle distribution

Stronger isovector potential
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Angle distribution
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Angle distribution

0.16 T T T T
o1a pre-oriented projectile randomly oriented projectile L |
' ,"\ 100 AMeV d+™Sn @ b=7 fm
012 [ 1 4 b L 4
\ y 05 20
gowr [ ] TP —b— —= T =
z o N —o— —e— 3+ isoscale 1
z Z potential
z 3

i
0.08 [ .I Dh\ + 4
,-’




Angle distribution
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Angle distribution
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Angle distribution
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Angle distribution
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Angle distribution
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Angle distribution
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Polarization direction
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Polarization direction
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Polarization direction
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@ There is also clear (but smaller) isospin effect if pre-oriented

direction is reversed.

@ One possible reason is that the sequence of proton and neutron
enter the meanfield is reversed.



@ Summary



@ Polarization effect of deuteron due to isovector
interaction in the nuclear potential of heavy tar-
get is investigated within ImQMD framework.

@ Because of simple and clear reaction mechanism,
pre-oriented deuteron-induced reaction provide a
very clean probe to detect the density depen-
dence of symmetry energy.
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