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� MassandFlow constraintonhigh-densityEoS

� Local chargeneutrality
! 2SC+ DBHF hybrid stars

� Globalchargeneutrality
! d-CSL+ DBHF hybrid stars

2



� � �� � �

�

�


 


�

� 


� �
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2. ChiralQuarkmodel
3. 2SC+ DBHF hybrid
4. d-CSL+ DBHF hybrid
5. Conclusions

'Young' binarysystem:

'Old' binarysystem

Lattimer, Prakash,PRL94 (2005)111101+ updates

Massesof NeutronStarsin binaries- clusteringvs. maximum
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Doublecorescenario:
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Dewi et al.,MNRAS (2006)
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Podsiadlowski etal.,MNRAS 361(2005)1243
D.B., T. Kl ähn,F. Weber, CBM PhysicsBook (2008)

Baryonmassvs. gravitationalmass- constraintor consistency?
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DU thresholdfor mosthadronicEoSactive in neutronstarswith typicalmasses!
Kl ähn, et al., PRC 74,035802(2006);[nucl-th/0602038]
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Flow  constraint

� LargeMass(� 2 M � ) andradius(R � 12km) ) stiff EoS;

� Flow in Heavy-Ion Collisions) not toostiff EoS!

Kl ähn, D.B., Typel, Fuchs,Faessler, Grigorian, Miller , Roepke,Truemper, et al. PRC 74,035802(2006)
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Model
Field Theory

Quark

Chiral
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1. MassandFlow constraint
2. Chiral Quarkmodel
3. 2SC+ DBHF Hybrid
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5. Conclusion

� Partition functionfor chiralQuarkField theory

Z [T; V; � ] =
Z

D � D exp

(

�
Z �

d�
Z

V
d3x[ � (i
 � @� � m � 
 0� ) � L int ]

)

� Current-currentcoupling(4-fermioninteraction)
L int =

P
M = � ;� ;::: GM ( � � M  )2 +

P
D GD( � C� D  )2

� Bosonisation(Hubbard-Stratonovich Transformation)

Z [T; V; � ] =
Z

D� M D� y
DD� D exp

(

�
X

M

� 2
M

4GM
�

X

D

j� D j2

4GD
+

1
2
Tr lnS� 1[f MM g; f � Dg]

)

� Collective (stochastic)Fields:Mesons(� M ) andDiquarks(� D)

� SystematicEvaluation:Mean�eld + Fluctuations

– Mean-�eld Approximation:Orderparameterfor Phasetransitions(Gapequations)

– Fluctuations(2. Order):HadronicCorrelations(Bound-& Scatteringstates)

– Fluctuationsof higherOrder:Hadron-HadronInteraction
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Rüster et al, PRD 72(2005)034004;
Blaschkeet al, PRD 72 (2005)065020;
Abuki, Kunihir o, NPA768(2006)118;
Warringa et al, PRD 72(2005)014015

Thephasesare:

� NQ: � ud = � us = � ds = 0;

� NQ-2SC:� ud 6= 0, � us = � ds = 0, 0� � 2SC � 1;

� 2SC:� ud 6= 0, � us = � ds = 0;

� uSC:� ud 6= 0, � us 6= 0, � ds = 0;

� CFL: � ud 6= 0, � ds 6= 0, � us 6= 0;

Result:

� Gaplessphasesonly athighT,

� CFL only at highchemicalpotential,

� At T � 25-30MeV: mixedNQ-2SCphase,

� Critical point (Tc,� c)=(48MeV, 353MeV),

� Strongcoupling,GD = GS, similar,
noNQ-2SCmixedphase.
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� LargeMass(� 2 M � ) andradius(R � 12km) ) stiff quarkmatterEoS;
Note: DU problemof DBHF removedby decon�nement!and:CFL coreHybridsunstable!

� Flow in Heavy-Ion Collisions) not toostiff EoS!
Note: Quarkmatterremovesviolationby DBHF athighdensities

Kl ähn, D.B., Sandin,Fuchs,Faessler, Grigorian, Roepke,Truemper, Phys. Lett. B567,160(2007)
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D.B.,F. Sandin,T. Kl ähn,in preparation.
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Discovery: Sept.18,2006
in NGC 1260(Perseus)
Distance:72Mpc=238Mill. Ly
(Smithet al.: astro-ph/0612617)

Light curve: 70daysrisetime
Energy release:1052 erg= 10bethe
Progenitorstar:� 150M � ?
Engine:Quark-starformation?
(Leahy & Ouyed:0708.1787[astro-ph])
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D.B.,F. Sandin,T. Kl ähn,in preparation.
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Constraints on the high-densityEoS

� Compactstarmasses� 2 M � requirestiff EoS

� Flow dataprovideupperlimits on thestiffness

Local chargeneutrality: 2SC+ DBHF hybrid

� diquarkcoulinglowersphasetransitiondensity

� vectormean®eldstiffensquarkmatterEoS

Global chargeneutrality: d-CSL + DBHF hybrid

� single¯avor phase(d-CSL)asconsequenceof dynamical� SR

� no d-CSLin symmetricmatter:xp;crit < 0:2

� no Urcacoolingprocesses! no neutrinotrapping?

�

�

�
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�

�

� Inhomogeneousphases:surfacetensionandCoulombeffects

� Studyeffectsonhigh-masssupernovasimulations!
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