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DINUCLEAR PHASEDINUCLEAR PHASE CN: CN: stat.GDRstat.GDR

DYNAMICAL DIPOLE: DYNAMICAL DIPOLE: PrePre--equilibriumequilibrium dipoledipole mode in mode in phasephase dinucleardinuclear givegive rise rise toto

a a promptprompt --rayray emissionemission whichwhich dependsdepends::

•• on on initialinitial dipoledipole moment,                                                    ;moment,                                                    ;

•• on the on the symmetrysymmetry termterm (< (< 00)), , IsovectorIsovector RestoringRestoring ForceForce CentroidCentroid, , YieldYield

NeutronNeutron emissionemission, , NN cross sections DampingDamping

•• on the on the fusionfusion dynamicsdynamics,, NeckNeck Dynamics (Mass Dynamics (Mass AsymmetryAsymmetry))

AnisotropyAnisotropy

CoolingCooling on the way on the way toto FusionFusion

40fm

4
0
fm

CHARGE EQUILIBRATION DYNAMICS:CHARGE EQUILIBRATION DYNAMICS:

••STOCHASTICSTOCHASTIC DiffusionDiffusion..

VSVS..

••COLLETTIVE COLLETTIVE DipoleDipole OscillationsOscillations of the of the DiDi--NuclearNuclear System in System in FusionFusion DynamicsDynamics

betweenbetween collidingcolliding ionsions withwith differentdifferent N/Z N/Z ratiosratios.
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ReactionsReactions havehave beenbeen simulatedsimulated byby consideringconsidering a a stochasticstochastic extensionextension of of 

microscopicmicroscopic trasporttrasport equationequation BNV, BNV, followingfollowing a a testtest--particleparticle evolutionevolution:  :  

••VLASOV + NNVLASOV + NN--COLLISIONS  and  PAULI CORRELATIONS COLLISIONS  and  PAULI CORRELATIONS 

NeutronNeutron SkinSkin

PigmyPigmy ResonancesResonances

NeutronNeutron StarsStars

-- mass/mass/radiusradius

--””hybridhybrid structurestructure”

Asy-STIFF

AsyAsy--SOFTSOFT

• The isoscalar section of the EoS is the same in both cases, corresponding to a 

compressibility around 220MeV.

• Numerical approach with 200 gaussian test particles per nucleon. 

• In the collision integral in medium N-N cross sections are considered. 

• To reduce the numerical noise we run fifty events for each set of macroscopic initial

conditions and the displayed quantities are the averages over this ensemble
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Pre-equilibrium dipole emission Bremsstrahlung - Quantitative estimations
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D.Pierroutsakou et al.,  

36Ar + 96Zr
40Ar + 92Zr

•Bremsstrahlung-subtracted -ray

spectra at  =90o  (vs. Beam Axis) in 

coincidence whit the evaporation 

residues.

3636Ar+Ar+9696Zr Zr vs.vs. 4040Ar+Ar+9292Zr Zr atat 16AMeV 16AMeV beambeam energyenergy. . FusionFusion eventsevents: : samesame CN CN selectionselection

••DifferenceDifference..

An An increaseincrease of the GDR of the GDR --rayray

intensityintensity isis foundfound byby goinggoing towardtoward the the 

more more chargecharge asymmeticasymmetic system.system.

-- studystudy of the of the extraextra--yieldyield withwith

MEDEAMEDEA

36Ar + 96Zr
40Ar + 92Zr

The data are The data are linearizedlinearized byby theoretical

--rayray spectrum of the charge symmetric

reaction calculated with the statistical

decay code CASCADE results without

a CN GDR 
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DipoleDipole AngularAngular DistributionDistribution of the of the ExtraExtra--YieldYield, (10<E, (10<E <15 MeV)<15 MeV)

)](cos1[)( 220 γγ ϑϑ PaWW +=

vs Beam Axis

A strong A strong dipoledipole--likelike photonphoton angularangular

distributiondistribution hashas beenbeen observedobserved, , withwith the the 

parameterparameter aa2 2 = = --1, 1, W(W(
,CM,CM))∼∼∼∼∼∼∼∼ sinsin22

,CM,CM

a2 = -0.8

a2 = -0.5

Widening: rotation of the Prompt

Dipole Axis vs the Beam Axis

3636Ar+Ar+9696Zr Zr vs.vs. 4040Ar+Ar+9292Zr Zr atat 16AMeV 16AMeV beambeam energyenergy. . FusionFusion eventsevents: : samesame CN CN selectionselection

a2 = -1

Accurate Angular Distrib. Measure:

Dipole Clock!

W(W( ,CM,CM) ) isis anisotropicanisotropic withwith a a 

maximummaximum aroundaround 9090°°and and itit isis

consistentconsistent withwith emissionemission fromfrom a a 

dipoledipole oscillatingoscillating alongalong the the beambeam

axisaxis. . 

36Ar + 96Zr
40Ar + 92Zr

Gamma Gamma AngularAngular DistributionDistribution, 10<E, 10<E γγ<15 MeV<15 MeV

B.MartinB.Martin etet al., PLB 664 (2008) 47al., PLB 664 (2008) 47
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We study the features of the preequilibrium dipole considering the reaction 36Ar+96Zr at 

16AMeV, as referred to the same reaction induced by a pp--richrich 34Ar 34Ar beambeam.
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D(to) has a value around 27fm27fm for the 34Ar34Ar beam, and a value 20fm for the 36Ar beam
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As expected from the larger initial charge As expected from the larger initial charge 

asymmetry, the Prompt Dipole Emission asymmetry, the Prompt Dipole Emission 

is increased for the pis increased for the p--rich 34Ar beam.rich 34Ar beam.

ASYSOFT: ASYSOFT: NeutronsNeutrons seesee a more repulsive a more repulsive SymmetrySymmetry PotentialPotential belowbelow 00

P
o

w
er

S
p

ec
tr

u
m

ASYSOFT:   Larger Centroid Energy

Larger Yield

Larger Width

nn

pp

nn

pp



9

•All probed Rotating angles: ∆ = 2ππππ x = 0 a2 = -1/4

Statistical result, Collective Prolate on the Reaction Plane

•Fixed Rotating angle: ∆ = 0 i = f = 0

•No rotation: 0=0 sin2 γ
Pure Dipole

Dominant since the prompt dipole is rapidly

damped? Angular Distribution

Dynamic Dipole Lifetime
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Angular distribution: Rotation on the Reaction Plane of the Emitting Dinuclear System
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Dynamical-dipole emission

Charge equilibrium
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EmissionEmission ProbabilityProbability: : delayeddelayed withwith asystiffasystiff
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WeightedWeighted anisotropiesanisotropies::
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ConclusionsConclusions

The The dynamicaldynamical dipoledipole mode mode appearsappears toto bebe a a suitablesuitable probe probe toto test the test the symmetrysymmetry

energyenergy termterm in the in the nuclearnuclear EoSEoS asas wellwell asas toto scrutinizescrutinize the the earlyearly entranceentrance

channelchannel dynamicsdynamics in dissipative in dissipative reactionsreactions withwith pp--richrich beamsbeams

The The angularangular distributionsdistributions are are alsoalso sensitive sensitive toto the the fusionfusion dynamicsdynamics and and dipoledipole

excitationexcitation mechanismmechanism and and lifetimelifetime..

WeWe can can getget the total the total yieldyield forfor the the twotwo IsoIso--EoSEoS and the and the twotwo systemssystems ::

••WeWe obtainobtain 1.22 1.22 forfor 34Ar 34Ar reactionreaction and 1.17 and 1.17 forfor 36Ar in the 36Ar in the AsysoftAsysoft//AsystiffAsystiff

case;case;

••WeWe obtainobtain a a valuevalue aroundaround 1.7 1.7 forfor AsystiffAsystiff choicechoice and 1.8 and 1.8 forfor AsysoftAsysoft in the in the 

34Ar34Ar//36Ar 36Ar reactionreaction case. case. 

••UseUse ofof a more a more symmetricsymmetric referencereference system  40Ar + 90zr, D(tsystem  40Ar + 90zr, D(t00)=1.6fm.)=1.6fm.

BeamBeam intensityintensity problemproblem: : 

••expexp. Medea 36Ar + 96Zr  . Medea 36Ar + 96Zr  intensityintensity 2nA 2nA ∼∼∼∼∼∼∼∼101099pps; pps; 

••newnew expexp withwith 34Ar 34Ar →→→→→→→→ 101066--10108    8    ????


