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PSR J1614-2230 - A new constraint for the Co;npact Star EoS

e NS-WD binary in Scorpius

e NS is recycled MSP with P =
3.1oms

L& e almost edge-on, inclination 89.17°
e Shapiro delay measured!
o Myp ~ 0.5 My
le Myg=(1.971+0.04) M




PSR J1614-2230 - A new constraint for the Compact Star EoS

e NS-WD binary in Scorpius

e NS is recycled MSP with P =
3.15 ms .

L& e almost edge-on, inclination 89.17°
e Shapiro delay measured!
o Myp ~ 0.5 M-
o Myg = (197 +£0.04) M,

Demorest et al., Nature 467, 1081 (2010)



PSR J1614-2230 - A new constraint for the Compact Star EoS

Mass (solar)

Radius (km)
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PSR J1614-2230 - A new constraint for the Compact Star EoS
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Hybrid Star Neutron Star Strange Star

. ; Ouber Crust
o Inner Crust r - L

- heavy ions : - electron gas

- relativistic electron gas

- superfluid neutrons :
Care h

J ,.'"I Inner Core = A@Utrons, protonsg
5‘"" - (Reytrons, protons) . #lectrans, muans :
I-.P - glectrens, muons - fuparconducting probong o
hyperans .
basonic condensates - skrange guark matter i

- deconfined guark maltter



PSR J1614-2230 - A new constraint for the Compact Star EoS

E [km]

State-of-the-art hybrid EoS model:
e Chiral symmetry restoration
e Color superconductivity

e Vector meanfield “stiffening”
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State-of-the-art hybrid EoS model;

e Chiral symmetry restoration R [km]

e Color superconductivity

e Vector meanfield “stiffening” ’

Constraints from heavy-ion collisions
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e Flow constraint at high densities :
Damielewicz et al.

CBM @ FAIR

e Not too early onset of quark matter

0.6 0.5
n [fm "'|

Klahn et al, PLB (2007),
arxiv:1101.6061




CONSTRAINTS FROM PSR J1614-2230 FOR QUARK MATTER EOS
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Color supercunductmty -«+— Heavy strange guark

Phenomenological Quark Matter EoS:

3 3
Qopt = — —agp + ——apu® + B
QM 1 4t ‘|-4?T2Gz# + Doff

If the critical density for chiral restora-
tion/deconfinement is reached in the compact
star core, then Mji514 = 1.97 + 0.04 My implies
the following:

o Quark matter is strongly interacting, QCD
corrections {a4) important

e Quark matter is color superconducting:
ag*f_iO



CONSTRAINTS FROM PSR J1614-2230 FOR QUARK MATTER EOS
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/_ Phenomenological Quark Matter EoS:
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/ ' tion/deconfinement is reached in the compact
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'% 0.7 1.8 M, the following:
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% 1” unphysical o Quark matter is strongly interacting, QCD
g ek Itransitiun ] corrections {a4) important

-40000 2(}000 20000 40000 e Quark matter is color superconducting:
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Color supercunductmty -«+— Heavy strange guark
Recent systematic studies: S. Weissenborn et al., Apd Lett. 740 (2011)

L. Bonanno & A. Sedrakian, 1108.0559 (2011)
T. Klahn et al., 1111.6889; R. Lastowiecki et al. (in preparation)



Extreme States of Matter - The Phase Diagram

3

Temperature T [MeV]
S

fw 4 -
s Net baryon'density n/ ng,

Compact Stars B
Ny=0.16 fm=3

NICA White Paper, http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome



CHIRAL MODEL FIELD THEORY FOR QUARK MATTER

e Partition function as a Path Integral (imaginary time r = i £)

_ p _
ZIT,\V,ul = /WW exp {— / df/y Ex[fiv 8, — m — V(1 + Agizs + 8230a)9 — Loy + U(CD)]}

Polyakov loop: ® = N 'Tr[exp(iBAa¢3)] Order parameter for
e Current-current interaction (4-Fermion coupling) and KMT determinant interaction
Lint = 3 ppen s, T + 22 p Go(@°To)? — K[det(G(L +75)g) + dets(G(1 — v5)g)]
e Bosonization (Hubbard-Stratonovich Transformation)

A2

Z[Ta v, I.U,] = / DMMD&TDD&D e_ZMJDEﬂﬂ%

Apl? _
Lol AT Ins (M) 1A} 214U (®)HVicur

e Collective quark fields: Mesons (Ad,,) and Diquarks (Ap); Gluon mean field: &
e Systematic evaluation: Mean fields + Fluctuations

—Mean-field approximation: order parameters for phase transitions {gap equations)
—Lowest order fluctuations: hadronic correlations {bound & scattering states)

—Higher order fluctuations: hadron-hadron interactions




NJL MODEL FOR NEUTRAL 3-FLAVOR QUARK MATTER

Thermodynamic Potential (7, ) = —T'In Z[T, g

Gt $it 97 |Bual’+ [Bul’ + B’ | K dut Pat g (' —p)?
3Gs 4Gp 16G% 4Gy

TZ/ p Lo (S “j) U(®) +0. -0
_ [\2?’[’32 rl szﬂ,p + UP) +bde — 4dp.

T, ) =

WP — M(p) + v’ A7)
Al(p) vup — M(7) — iy’

Fermion Determinant (Tr In D = In det D):  Indet[# §~ {iwn, 7)) =23 oo, In{@w? + Xa(7)]} .

InverseNambu — GorkovPropagator S_lﬂz'wﬂ,ﬁj =

Result for the thermodynamic Potential (Meanfield approximation)

: 2+ 02+ ¢ A+ AL AL K ¢utoatos (i —pu)?
Q[\T,}L) _ @u+@d+@5+| d| ‘|“ | -|—| d| n O + Qg + @ (1 #)

8Gs 4Gp 16G3 4Gy
dg 13 {
- / (gf)?a A +2T 0 (1+e77) ] 4 U(0) +9, -
a=1

Color and electric charge neutrality constraints: ng =ng =nz =0, n, = —90/0y, = 0,
Equations of state: P = {3, efc.



PHASES OF QCD @ EXTREMES: NO COLOR NEUTRALITY
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PHASE DIAGRAM FOR SYMMETRIC MATTER (HIC)

Normal Ei?ulislrkMatlt&5 ”' " ' ' '
:,: "‘gﬂ;r;;-—-_“i e Critical density for chiral restoration
160¢ (25C) Quark pg et n, > 1.5 ngincreasing (1) with low T
e
_ ”5 e Almost crossover (masqueradel),
— 120} i.e. small density jump, small latent
- ¢ =0.1 - : -
g ~~~~~~ heat/ time delay in heavy-ion coll.!
— 80 T o High T, = 0.97; for 2SC phase due
' ey to Polyakov loop.
408 & ¢25C - CFL phase transition at n >

6 ng with density jump and latent
Tl e heat/ time delay!
0 03 06 09 12 15 18 Provided the temperature can be
n[fm | kept low 7" < 100 MeV
DB, Sandin, Skokov, NICA WhitePaper (2009)

Acta Phys. Pol. Suppl. 3, 641 (2010); arxiv:1004.4375 [hep-ph]



EXPLORING THE QCD PHASE DIAGRAM: TRAJECTORIES

Heavy-lon Collisions:

T I T T I T T I T T I T |
I [T 924 GeV UROMD F L
—=o 44 GeV |b=0 ¥/
Lo 6A GeV [SE0Sfme oS s o f ]
a—a 84 GeV
ME 1.6 |=——= 10A GeV -
E; [ full symbals: s :%:
L 12k after thermalization o]
o~ £ 8
i =}
" EE
" mixed phase:
0.4~ . RMF-25C PNTL
s s 1,025
i U N R
0.3 0.6 0.9 1.2 1.5
-3
ng [fm ]

D.B.,5kokov, Sandin, NICA WhitePaper (2009)

leg1 0{Temiperatars [MeW]

Supernova Explosions (15 My):

6 £ 0 12 14 16
log1¢iDens ty /em’]

Liebendoefer et al. (2005)
Sagert et al., PRL 102 (2009)

Fischer et al., arxiv: 1103.3004




HYBRID-EOS ROBUST? ROLE OF KMT DET - TWINS!

1
P [MeV/fm']

6 g 10 12 14 0 | 2
R [kn] n[fin” |

3

100

—— DBHF (Bann A) 1

| | |
05 06 07 08 09

e Mass - radius constraints from quiescent LMXB's and RXJ 1856 = Small AND large stars?
NJL with KMT allows for mass twins! Direct transition DBHF-CFL possible!

e Flow constraint = PT not too early! No direct DBHF-CFL trans.!
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e Mass - radius constraints from quiescent LMXB's and RXJ 1856 = Small AND large stars?
NJL with KMT allows for mass twins! Direct transition DBHF-CFL possible!

e Flow constraint = PT not too early! No direct DBHF-CFL trans.!



HYBRID-EOS ROBUST? CONSTRAINTS & COVARIANT NCQM

25 ] - 1
[ | [ —- h=070, g=008 -
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- T | e 100} § .
215 £ | mwn
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=
=10 _ —
o flow constraint
05F - E zg;ig zgg; (Danielewicz et al )
| — oBHF 10F E
0 | . | . | . | . ] i [ A N R B ]
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R [km] n [1m_3]

e Covariant, nonlocal interaction model:
7 ¢ o f n f Grr ey T
L == J &z {53l()l) + £ Upla)) G50+ G it =) ()}
e Nonlocal currents, e.g.

= J &'z g(z) Plz + 5) Tpaplz — 3),

D.B., Gomez-Dumm, Grunfeld, Klihn, Scoccola, PRC 75, 065804 (2007); [arxiv:nucl-th/0703088]
Recent developments: Radzhabov et al., arxiv:1012.0664; Horvatic et al., arxiv:1012.2113



HYBRID-EOS ROBUST? CONSTRAINTS & COVARIANT NCQM

25 ] - 1
l _ | [-—- h=0.70, g=0.05 e
= —— h=0.74, g=0.07 e
2.0 dard N " |— DBHF ({Bonn A gof-i
=10 o] =
o ] o flow constraint
05F - E zg;ig zgg; (Danielewicz et al )
Tl — DB Al 10p .
0 1 . MQ" | . 1 . ] i [ A R B R
8 &@\? 12 14 16 0.2 0.4 0.6 0.8
R [km] n [1m_3]
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e Nonlocal currents, e.g.

= J &'z g(z) Plz + 5) Tpaplz — 3),

D.B., Gomez-Dumm, Grunfeld, Klihn, Scoccola, PRC 75, 065804 (2007); [arxiv:nucl-th/0703088]
Recent developments: Radzhabov et al., arxiv:1012.0664; Horvatic et al., arxiv:1012.2113



MASS-RADIUS CONSTRAINT AND FLOW CONSTRAINT
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8

e Large Mass (~ 2 M) and radius (R > 12 km) = stiff EoS;

e Flow in Heavy-lon Collisions = not too stiff EoS |

Sandin et al., CompOSE project (2009-10); See also:
Klahn, D.B., Sandin, Fuchs, Faessler, Grigorian, Ropke, Triimper, PLB 654, 170 (2007)




\-
be
A

MASS-RADIUS CONSTRAIN,T\MND FLOW CONSTRAINT
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2 M) and radius (R > 12 km) = stiff EoS;

e Flow in Heavy-lon Collisions = not too stiff EoS |

Sandin et al., CompOSE project (2009-10); See alsg:

Klahn, D.B., Sandin, Fuchs, Faessler, Grigorian, Ropke, Triimper, PLB 654, 170 (2007)
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MASS-RADIUS CONSTRAINT AND FLOW CONSTRAINT
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e Large Mass (~ 2 M) and radius (R > 12 km) = stiff EoS;

e Flow in Heavy-lon Collisions = not too stiff EoS |

flow constraint |
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Klahn, D.B., Sandin, Fuchs, Faessler, Grigorian, Ropke, Triimper, PLB 654, 170 (2007)




Implications from PSR J1614-2230 within 3fCS NJL — DBHF model

T. Klahn et al., Acta Phys. Pol. (to appear); arxiv: 1111.6889 If hybrid star,

Then:

0.7
- 2SC QM

0.6F
. - Vector MF

0.5
. - HIC:

nc~4n 0

If no hybrid
star, then:

- small (<0.85)
diquark coupl.

- HIC:
nc>45n0




Same hybrid model (3fCS NJL — DBHF) , smaller chiral condensate (quark mass)

R. Lastowiecki et al., in preparation

If hybrid star,
Then:

- 2S5C QM
- Vector MF

- HIC:
nc~2-3n 0

If no hybrid
star, then:

- small (<0.85)
diquark coupl.

- HIC:
nc>2n0




The question of hyperons ...
... and quark-hyperon hybrids

- Hyperonic matter without strange vector meson
Repulsion = too soft; Demorest constraint failed

- Inclusion of phi-meson repulsion = OK

- Phase transition: “masquerade” problem ...

- Density dependence of gluon sector (bag) !

Lastowiecki et al., 1112.6430 [nucl-th]
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Exploring hybrid star matter at NICA & FAIR

(1) Institute for Theoretical Physics, University of Wroclaw, Poland
(2) Joint Institute for Nuclear Research, Dubna
(3) Department of Physics, San Diego State University, USA

Heavy-lon Collisions

RX 1856

- stiff EoS
(at flow limit)

: lOW nCI’i’[
(at NICA fixT)

P [MeV fm™]

- soft EoS

0.6 0.8 2 g
o (i) (dashed line)

1. Measure transverse and elliptic flow for a wide range of energies (densities) at NICA
and perform Danielewicz's flow data analysis ---> constrain stiffness of high density EoS
2. Provide lower bound for onset of mixed phase ---> constrain QM onset in hybrid stars

»1he CBM Physics Book“, Springer LNP 841 (2011), pp.158-181; arxiv:1101.6061



Conclusions |

PSR 1614-2230 (“Demorest-pulsar”) puts
strong constraints to dense matter EoS

Both alternatives for the inner structure,
nadronic and hybrid star, are viable for the
Demorest pulsar; HIC favors hybrid model

f Demorest pulsar has a quark matter
(QM)core, then QM must:

- be color superconducting
- have a strong (vector-field) repulsion
- occur at >2 n, in HIC, depending on <qq>

Discriminating test? Measure M-R relation !!



 16.08.1680 John Flamsteed
om star 3 Cas

1947 re-discovery in radio
« 1950 optical counterpart
T~ 30 MK

« V.~ 4000 — 6000 km/s

« distance 11.000 ly = 3.4 kpc

picture: spitzer space telescope

Ho & Heinke, Nature 462 (2009) 71, Heinke & Ho, arxiv:1007.4719

Page, Prakash, Lattimer, Steiner, PRL (2011); arxiv:1011.6142
Shternin, Yakovlev, Heinke, Ho, Patnaude, MNRAS (2011); arxiv:1012.0045

D.Blaschke, H. Grigorian, D. Voskresensky, F. Weber, arxiv:1108.4125



Cas A Cooling Observations

Cas A is a rapidly cooling star —
Temperature drop ~4% in 10 years
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W.C.G. Ho, C.0. Heinke, Nature 462, 71 (2009)



Cas A Cooling Observations
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The influence of the (core) heat conductivity
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Blaschke, Grigorian, Voskresensky, A&A 424, 979 (2004)

http://www.nature.com/news/2011/110201/full/news.2011.64.html?s=news_rss#comment-id-18186




Phase Diagram & Cooling Simulation

Microscopic Approach to
( Denge QCD / Nuclear Matter

)~

EoS and NS constraints '
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Transport Properties.
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Cooling Mechanism

Cooling Processes
Direct Urca: n—p+ e+ ve

Modified Urca: n4+n—o>nt+pt+e+ ve

Photons: —

Bremsstrahlung: n+n —sn4+n+v+o



Cooling Evolution

The energy flux per unit time through a spherical slice at
distance 1 from the center is:

.'F'.I’|__'—]:nf .IF\||"|

are:
o 5 g o2
{TIE:“JI’_} — —ih o B cyv ir—i Te® ))
Np n ot
1

Te®) = —=

e k167m2rin
where Is the baryon number density, Is the
total baryon number in the sphere with radius

o drren(l — )

or ' g
F.Weber: Pulsars as Astro. Labs ... (1999);
D. Blaschke Grigorian, Voskresensky, A& A 368 (2001)561




Neutrino Emissivities in Quark Matter

* Quark direct Urca (QDU) the most efficient process

d— u+e+vand H—|—f —-r.'.'i'.'—l-i..-’

”DI ~ 9.4 x 10%aq, u} ' L‘[EDU T,‘, erg cm™> s~

Compression n/n0 = 2, strong coupling a, =

®* Quark Modified Urca (QMU) and

Quark Bremsstrahlung
d+qgq—u+gt+e+randq+q —q+q +vV+U

QMU (OB

—1
U .

~ 9.0 x 1[:}19{:{131[_' ﬂ? erg [-.1‘1‘1_3 g

* Suppression due to the pairing
QDU : (qpu ~ exp(—Ay/T)
QMU and QB : (qmu ~ exp(—2A,/T) for T < T, ~ 0.57 A,

* Enhanced cooling due to the pairing

sete—etet vt (becomesmportant for A,/T >> 1

Quark PBF

) ’ 1 ' N
€ =28 w 1012Y, "yl JTU erg cm s g



Surface Temperature & Age Data

log(t[yr])
IEALLY LY



Crust Model

Time dependence of the light
element contents in the crust

AM; (1) = T AM; (0)

Page,Lattimer,Prakash &
Steiner, Astrophys. J. 155, 623
(2004)

Yakovlev, Levenfish, Potekhin, .
Gnedin & Chabrier , Astron. R 10k
Astrophys , 417, 169 (2004)

Yak model HZ9D

our fit )
n=1*10"

——— =410

-—= p=1%10 "

750 '/‘:r == q= [a:[nj:::
Blaschke, Grigorian, Yy T Tt
Voskresensky, A& A 424 L F N I
(2004) 979 log, (T [K])




DU constraint

n — p+ e+ v, implies p, < p, + pe, charge neutrality results in

1
1+ (14 a¢/?)3

» NO MuUons: Tpyu = 11.1%

B Be) = Te = Nef(Ne + 1)

» relativistic limit (n. = n,): zpy = 14.8%

04————

NLp, NLpd, DBHF :
DU occurs below 2.5n

proton fraction x




DU Thresholds

nc = 2.7 n0 NLW (RMF) Mc = 1.25 Msun - NLW
nc = 5.0 n0 HHJ (APR) Mc =1.84 Msun - HHJ

——— p -HHI
-- £-HHI
———- pu-HHI
——— p- NLW
g - NLW
u— MNLW

“| =——— HHI 240 MeV

====- NLW 250 MeV

06 09 12 15
n(0) [f111-3]
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SC pairing gaps - hybrid stars

2SC phase: 1 color ( ) is unpaired (mixed
superconductivity)
Ansatz 2SC + X phase:

i *
A N . I[_.I_. — I;_;___:
Ay = Ag exp—a ( : )
[ C Me

Pairing gaps for hadronic phase

( )

Blaschke, Grigorian, Voskresensky , A&A 424 (2004)
979



SC pairing gaps - hybrid stars

——— gl
3 (10
g = (1

Popov, Grigorian, Blaschke, PRC 74 (2006)




Influence of SC on luminosity

MMg= 1121418 18
L AR R R N L I I L

bl Nl

MiMg= 1121416 18

Critical temperature
for the proton and

neutron gaps, used

In o W ]
. - TN |..II."|".‘-.-.—|T.‘T°I‘F|-.L-¢-|—|-._|_H
Page, Lattimer, Prakash & Steiner, 2 4 & 8 10 12 14 2 4 6 8 10 12 14

AStrOphyS. J_ 707 (2009) 1131 Density (10" g em™) Density (10" q em™)




T_‘measurement’ from Cas A

- 1.4 MO© star built from
the APR EoS

- Rapid cooling at ages

thermal relaxation of the &
crust

- Mass dependence

M/Mg Tc[10 g K]
1.9 0.51

1.6 052
1.3 057

Page, Lattimer, Prakash & Steiner,
Phys. Rev. Lett. 106 (2011) 081101




Medium effects in cooling of neutron stars

" Based on Fermi liquid = PBF - fast cooling
theory: Landau (1956), process for T<T_
Migdal (1967), Migdal
et al. (1990) -, [MpPBE] ~ 10% "N | _PFp__ [i]

my | Pra(no) MeV

" MMU - instead of MU [T]

App v

'L_\' 3] L] 1
PP em® sec

, [MMU]
e[ MUJ

- 6y,
. 1(]‘] |: n ‘Illfl nD:]]-U.,-" 3 F l: n :l



Anomalies because of PBF proccess

AV18 gaps, pi-condensate,
without suppression of 3P2

neutron pairing - Enhanced
PBF process

Gaps taken from Yakovlev
at al. (2003)

log(tiyr])

n 3P2 gap
Friman&Schwenk, PRL (2004)

Grigorian, Voskresensky Astron.Astrophys. 444 (2005)

log(tfyr])


http://arxiv.org/find/astro-ph/1/au:+Grigorian_H/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Voskresensky_D/0/1/0/all/0/1

The influence of the (core) heat conductivity

RX JORZ2-45
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Blaschke, Grigorian, Voskresensky, A&A 424, 979 (2004)




The influence of the (core) heat conductivity
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Cas A as a Hadronic Star — arxiv:1108.4125

|||||||||||||||||||':||H|||||||||||||||||||| Evo|utionof'|'-proﬁ|es

with PLl processes ' without PU processes

| L =025 Y g =022

cmuem M= TAZIM,

M= 1463 M,

M = 1.4563 M{]

L, = 0.265

nPBF(15,)
nPEF(IF)
———- PU

| | l
25 252 254

SRTEREERISRERIRRERESRRRA CRRRA RN N1 RN TL A HER |4 2 0

210123456 222
l0g,,(tlyr]) Pion Urca? See in 10 - 50 years !
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QUARK MATTER IN COMPACT STARS:

COOLING CONSTRAINT

Quark matter in compact stars: color superconducting

{s]
wy
]
:}
= _
(18
|
I -
....... |
. - 1.22 critical) 1
54 ——— 128 i | -
r 1.35 B |
[T Ms g n
——— 1. =
5'2__ --—— 188§ g | : ]
Ll —— 1.75 = I 4 L 4
-I 1 1 1 1 | 1 1 1 1 | 1 1 L1 Illllll 1 I- | |
S 2 3 4 5 6 10 12 05

log ,(t[yr]) R [km]

Popov et al: Neutron star cooling constraints ...
PRC 74, 025803 (2006); [nucl-th/0512098]

e Neutrinos carry energy off the star,
Cooling evolution (schematic) by

fhr Zf—q.l 5 Fyeas f'i-
o Most efficient process: Urca
y

i

d H - U

e Exponential suppression by pairing
gaps! A ~ 10...100 keV

HTT”\II B € T Z_,n—f'.l'-:'r.l..._ FJ{'




Temperature in the Hybrid Star Interior

Temperature profiles in IvieW

1 sec

1 min

5 1min

2 hours
5 hours
10 hours
1.5 davs
0.1 vear
1 wvear
3 vears
4 vears
G vears

e A I T e e e

Radis in km

Blaschke, Grigorian, Voskresensky, A& A 368 (2001) 561




\ HYBRID STAR COOLING WITH 2SC QUARK MATTER (I1I)

1|:|{]_ T T T 11171 T T T TT1T1T] T T T T T1TT1T1T1]

Model IV

10

Model IV

 —— 1 IIIIIIII 1 IIIIIIII 1 11 1 1111
6 7 0.01 0.1 1 10

S[etss ']

2S5C + X phase, Ay =5 MeV, a = 25 Log N - Log S test passed
Temperature-age and Vela mass OK

Popov, Grigorian, D.B., PRC 74 (2006)



Cas A as an Hybrid Star

H. Grigorian, D. Blaschke, D.M. Voskresensky, Phys. Rev. C 71, 045801 (2005)

IIII|IIII|IIII|—I"'T1—I-|~I,_I

[ T 11 I'TTT I'TTT ITTTT
S KI___I____I__ I

A |
249 252 255

C———- M=1240 M , x=1.000
| —— —= M=15640M_, x=0.106
M=1707 M, , x+0.075

1 0 1 2 3 4 5 6
log, ,(tlyr])




Cas A as Hybrid Star: T-profile evolution

M=1.707 Msuu
Hybrid: APR + 2SCX




Conclusions li

Cas A rapid cooling consistently described by
the nuclear medium cooling model as a “first
drop”, delayed by low conductivity

Both alternatives for the inner structure,
hadronic and hybrid star, are viable for Cas A;
a higher star mass favors the hybrid model

In contrast to the minimal cooling scenario,
our approach is sensitive to the star mass
and thermal conductivity of superfluid star
core matter

Discriminating test? Log N-Log S !!(?)
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‘ Upcoming School and Conference ...

48t Karpacz Winter School of Theoretical Physics

Cosmic Matter |
in Heavy-lon Collision Laboratories

Ladek-Zdréj, Poland, February 4-11, 2012

s ¥ Particle Accelerators and Detsctors

Equation of Stave - Phase diagram

\Ee. Quantum Field Theary of Dense Matter A8
)

(‘&

%

. ' astrochemistry

heutrino physics
superdense matter
supernova explosions
physics of compact stars
astrophysics of compact stars

Lactitors gravitational waves from compact stars

J.-P. Blaizot (Saclay):
Matter under extreme conditions
W. Florkowski (Cracow): *

Local organizing
committee

Local Organisers

Ultrarelativistic heavy-ion collisions 1 >
M. Gazdzicki (Frankfurt/Kielce): o~ 1 (b\-lT“T‘O (;‘Ng’?;awg
: . blaschke rocraw ubna
Energy scan programs in HIC . K. Redlich (Wroctaw)
P. Haensel (Warsaw): . i A. Wergieluk (Wroctaw)
Dense matter and compact stars ‘ ’ R. Lastowiecki (Wroctaw)
G. Martinez-Pinedo (Darmstadt):
Supernovae and the origin of heavy elements Contact
H. Satz (Bielefeld): : ) kafp48@ift.uni..w.l‘0<:_.pl http://compstar-esf.orf/tahiti

Analysis of matter in QCD = www.ift.uni.wroc. pl/~karp48 tahiti@compstar-esf.org



Research ...
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... is gong on!

Thanks for Your attention!
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