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Based on recent work 2402.11013 with
Matti Järvinen, Konrad Topolski and Alina Stehr

and older works 2112.12157 (PRX), 2205.05691 (SciPost), 2203.14974 (ApJL),
2207.04417 (ApJL), 2209.08101 (MNRAS) with

Altiparmak, Demircik, Järvinen, Rezzolla, Tootle and Topolski
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What we (don’t) know about QCD
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Equation of State

Relates properties of dense matter to properties of neutron stars.

p � ppe; : : :q
Einstein Eq.
ÝÝÝÝÝÝÑ MpRq

Constrained by theory and neutron star observations:

§ Causality & thermodynamic stability: 0 ă c2
s “

dp
de

ă 1

§ Direct mass and radius measurements: MTOV Á 2Md, 11 km À R À 14 km

§ First GW detection from a BNS merger GW170817: Λ̃ À 720
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Altiparmak, CE, Rezzolla 2203.14974 (ApJL)

Lots of recent work: . . . ; Annala, Gorda, Kurkela, Nättilä, Vuorinen 2105.05132 (PRX);
Komoltsev, Kurkela 2111.05350 (PRL); Altiparmak, CE, Rezzolla (ApJL) 2203.14974;

Gorda, Komoltsev, Kurkela 2204.11877; CE, Rezzolla 2207.04417 (ApJL); . . .
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Chirp Mass and Binary Tidal Deformability

� Chirp mass can be extracted accurately from inspiral GW strain frequency

dfGW

dt
�

96

5
�8{3M5{3

chirpf 11{3
GW ; Mchirp �

pM1M2q
3{5

pM1 �M2q1{5
:

Cutler, Flanagan arXiv:gr-qc/9402014 (PRD)

� Binary tidal deformability encodes EOS properties via �i

~� �
16

13

p12M2 �M1qM4
1�1 � p12M1 �M2qM4

2�2

pM1 �M2q
5 ; �i �

2
3
k2 pRi{Mi q

5 :

� GW170817 \best" event so far:

Mchirp � 1:188�0:004
�0:002Md; q � M2{M1 ¡ 0:7; ~� À 720 :

LIGO/Virgo: arXiv:1805.11579
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Binary Tidal Deformability

More than 108 binary con�gurations with M1;2 P r0:5Md ; MTOV s.

~� minpmaxq � a � b M c
chirp ÝÑ ~� min

1:186 P r236; 301s; MTOV ¡ r 2:18; 2:52s Md :

CE, Rezzolla 2209.08101 (MNRAS), see also Altiparmak, CE, Rezzolla 2203.14974 (ApJL)
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A Holographic Approach to BNS Mergers
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A Holographic Approach to Dense QCD Matter
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Holographic Veneziano QCD

Holographic bottom-up model for QCD with many parameters that are tuned
to mimic QCD and that are constrained by lattice QCD data.

J•arvinen, Kiritsis 1112.1261 (JHEP); Jokela, J•arvinen, Piispa 2405.02394

Gluons: Improved holographic QCD (Einstein-dilaton gravity)

Sg � N2
c M 3 ³

d5x
?

� g
�
R � 4

3
pB� q2

� 2 � Vgp� q
�

� � e� Ø Tr F2 sources the 't Hooft coupling in YM theory
G•ursoy, Kiritsis 0707.1324 (JHEP); G•ursoy, Kiritsis, Nitti 0707.1349 (JHEP)

Quarks: Tachyonic Dirac-Born-Infeld (DBI) action

Sf � � Nf NcM 3 ³
d5xVf 0p� qe� � 2a

� det rgab � � p� qBa� Bb� � wp� qFabs

Frt � � 1prq; � p0q � � ,

tachyon � Ø �qq controls chiral symmetry breaking.
Bigazzi et al. 0505140 (JHEP); Casero et al. 0702155 (Nucl.Phys.B)

Baryons: homogeneous solution of non-Abelian DBI + Cern{Simons action.
Ishii, J•arvinen, Nijs 1903.06169 (JHEP)

Veneziano limit: Nc Ñ 8 and Nf Ñ 8 with Nf {Nc � Op1q �xed
J•arvinen, Kiritsis 1112.1261 (JHEP)
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V-QCD Hybrid Equation of State

Ÿ Hybrid EOSs: nuclear theory model at lowest densities + V-QCD model
for dense baryonic and quark matter at large densities.

Ÿ Three tabulated versions on CompOSE database: DEJ(DD2-VQCD)
[https://compose.obspm.fr/] .

CE, Topolski, J•arvinen, Stehr 2402.11013; Demircik, CE, J•arvinen 2112.12157 (PRX); Grey band

(MTOV ¡ 2:2 Md ): CE, Rezzolla 2209.08101 (MNRAS); see also CE, J•arvinen, Nijs, van der

Schee 1908.03213 (PRD); Jokela, J•arvinen, Nijs, Remes 2006.01141 (JHEP)
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Initial data with FUKA: Papenfort, Tootle, Grandclement, Most, Rezzolla 2103.09911 (PRD)
Merger simulation with FIL: Most, Papenfort, Rezzolla 1907.10328 (MNRAS)

Implemented in the Einstein Toolkit framework: L•o�er et al. 1111.3344 (Class. Quant. Grav.)
HPC project BNSMIC on HPE-Apollo (HAWK) at the HPC Centre in Stuttgart

Movie by Konrad Topolski with data from 2205.05691 (SciPost)
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Hot, Warm and Cold Quarks

Tootle, CE, Topolski, Demircik, J•arvinen, Rezzolla 2205.05691 (SciPost)
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