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Why High Temperature QCD?
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e Simulations have determined
SM QCD to be second
order/crossover

® Physical point
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e First order transitions requires
N=3 massless quarks

_ . Crossover
e Need new physics to realize

first order transition

Cuteri et al. 2017



Stronger Strong Coupling (lpek and
Tait)

New scalar @ coupled to gluons:
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Non-zero (negative) vev: V(o) = a1¢ + aad? + azd® + audt

Modified confinement scale
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Restoring SM QCD

1. Temperature-dependent VEV

2. Second scalar W coupled to gluon with opposite VEV

3. Second scalar @ coupled to @

V(6,9) = a1¢+ aze” + 3¢ + aye’
+ B1t? + Batp* + y190? + Yot



PNJL Model

e Effective description of QCD Transition

o G, U .
Lpnir = X (iyD* —mo) x + = [(xX) + (Xivs7X)?] —U(®,@,T)

e Addition of Polyakov loop (gluons) to Nambu-Jona-Lasinio
(quark) model

e Confinement transition before chiral transition



First Order QCD Transition

e High temperatures: 5-6 s D M)
massless quarks . '
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e Softening of equation of state
parameter .
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e Additional energy changes
phase rather than pressure
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PBH Formation

e Horizon-sized perturbations sl g
above critical value: : YRR
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Enhanced PBH Formation

e Present day density scales 10°
with collapse probability
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e Results hold irrespective of £ 3
transition shape o
e Mass depends on FOPT 1o~
temperature b el
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Target Populations

e Open DM mass window from 10*7-10%° g (10*°-10** M _ )
e (Candidate events from OGLE mlcrolensmg observatlons ~107 M,
e Candidate event from Subaru Hyper-Suprime Cam (HSC) ~107° M
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Target Populations
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Gravitational Waves

e Gravitational wave signal depends on power spectrum

o0 0 e . g 1+ 22 —y2)2]° :
Qow = 99720/ d:c/ dy— [1 i 1 y') ] Pg(kx)Pg(ky)ZZ(a:,y)

® Interesting signal from Nanograv 12.5 yr data

e Range depends on power spectrum cut-off

e Additional GW from QCD transition



Gravitational Wave Signal
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Conclusions

e We use PNJL to model the high temperature QCD transition
e Soft equation of state promotes PBH production
e Higher temperature transition -> Smaller masses

e Fits both the target PBH signals (DM, OGLE, HSC) as well as the
Nanograv GW signal and could be detected by many upcoming
experiments



