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Initial state: energy density only e
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Initial state: e, u,

IP-Glasma Nexus

Initial flow {e, ”0} Small f 1n v,{2} 1n large

systems

Small systems: Weller & Romatschske Phys.Lett. B774 (2017)
Mapping: Gardim et al, Phys.Rev. C85 (2012) 024908 351-356; Mintysaar. et al Phys.Leti. B772 (2017) 681-686



Initial state: {e, Uy, T, H}

Attractor in Non-Conformal Kinetic Theory
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e Attractors with realistic Equation of
State+transp0rt CO efﬁClentS Dore, McLaughlin, JNH to appear soon

 What happens to attractors with both shear and bulk
viscosities?

 How does a tull 7#* aftect the path to the critical
point?

e Initializing conserved charges (baryon number,

strangeness, and electric charge)
Swevert, Martinez, Wertepny, JNH arXw:1911.10272

* Do conserved charges have the same geometries?

* How does this affect the mapping between 1nitial and
final state?


http://arxiv.org/abs/arXiv:1911.10272
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Attractors: QCD EOS+Bulk
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Equations of Motion

Energy density

< 1] g
T T+ =
Shear T n

Bulk

Baryon Density

Daitffusion vanishes

in Bjorken flow.
1+1D tuture study.
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Iransport coethicients versus 7
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nTIw from Emma McLaughlin
(REU student)

~ Athnite densities we'lluse w=e+p
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Bulk evolution Q = ——
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Shear versus bulk in1tial conditions

Center manifold?
x-Q Trajectory
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Search for the critical point

Lattice QCD uses 1sentropes (assumes 1deal hydro) to map out
passage through QCD phase diagram

60Q+¢

Parotto et al,
arXw:1805.05249

‘ Attractors have
% only been

checked here
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Full 7% at the Beam energy scan
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Apg ~ 125 MeV
range at freeze-out.
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Bulk evolution at finite puj

Bulk Pressure (unitless): po=0.75 (1/fm?3)
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Mini-summary

At pup = 0 with a non-conformal EOWS, shear appears
to have a convergence whereas bulk converges to zero

At pg > 0 bulk converges, shear converges for a fixed
r, while varying bulk, but not varying both

Full 7" dramatically changes { Ty} trajectories, as
does choice 1n nT/wW(T, pg)

Future: rapidity dependence of {7, up} trajectories
(see J. Brewer Phys.Rev. (98 (2018) no.6, 061901)



Initial conditions: {e, Uy, T, H}
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Sievert, Martinez, Wertepny, JNH arXiv:1911.10272
[CGCING: Initial Conserved Charges in Nuclear Geometry
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We consider fluctuations

at LHC energies
up =10
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Why do this at ugz = 07
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Understand S>0 1n small systems

[ALICE] Nature Physics 13 (2017) 535-539
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Kanakubo et al, arXw:1910.10556

0.45 . ; ;
—=— hydro+JAM 0-10%
0.4 + = hydro+JAM 10-40%
hydro+JAM 40-80%
0.35F . = STAR0-10%
03] ' ¢ STAR10-40%
21 STAR 40-80% ]
0.25 (Takeuchi et al, Phys.Rev. ) e
&~O021 (92 (2015) no.4, /m,/ .
044907 o,
0.15 //o
//3/ ° /,,pf;f‘”g:_
01 B /@/. ¢ /3,/’/&/- m =
0.05 | il
or L. (b) A
005595 1 15 2 25
pr(GeV/c)

Study kggo with high statistics




(General algorithm

External Input:

e(Tr) Qs(fr)

l Randomly Seed “Gluon” Position and Energy

U J

[ Below Threshold [ Sample G — gqg Splitting Outcome

‘ 7 U

[ Remains a Gluon ] Splits into Quarks of a Given Flavor
\/ @ Sample g, g Displacement
[ Transfer Energy Without Modification ] Redistribute Energy and Charge
N ‘ Y,
Final Output:

e(Zr)  p(@r)

Despite complicated cross-sections, quark mass effects appear to

play the largest role



Strangeness eccentricities

Quantitying the 1mmitial state 1s non-trivial here.
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Strangeness eccentricities

Strangeness doesn’t follow the energy density eccentricities
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Using physical quark masses, we find the strangeness
“eccentricity’’ 18 much larger than the energy density eccentricities.

Experimentalist: so kaons have a larger v,??
[GCING: we’re not sure yet how mitial py(x, y) — sz
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Why 15 1t a quark mass eftect?
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Future

* Understanding attractors in full BSQ hydrodynamics

e Need at least 1+1D for BSQ) diftusion transport
coefhicients+cross terms (see J. Fotakis QM 19)

* Incorporate critical fluctuations effects

« Kaon=1 light + 1 strange, how does p¢ contribute to
the final state? What about Q(sss)? Initial state versus
s§ production in the QGP?

* System size dependence? (see Y. lkeshita QM 19)
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Beam Energy Scan
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Normalized Longitudnal Pressure
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Realistic Equation of State

Future:
| Criticality and {T/w

Yin et al, Phys.Rev. C95 (2017) no.

034902 s 10.3

10.2 c’s
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Lattice QCD up to 4th order+3D Ising model
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nTIw(T, ug, Us, Hp)
Work 1n preparation with Emma McLaughlin (REU student)

« Hadron resonance gas T< T,

T/w min

 Switching temperature 7,7, ,.;, tollows 1nflection point of the chiral
condensate from Lattice QCD Bazavov et al, PLB795, pp. 15-21, 2019

e Parameterized QCD-motived #/s from  christiansen et al, PRL 115, no. 11, p. 112002, 2015



Eftect ot nT/w = const vs. nT/w {T, ,uB}

First, assume 1nitial condition 1s only e, p,
T — ug Trajecories: £o = 4.0(GeV/fm ™ 3)
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