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how far can we go?

D phase boundary & radius of convergence in ug
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chiral transition, 2nd order, 3-d O(4) ~_
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~ chiral order parameter:

~ disconnected chiral susceptibility:

~ order parameter susceptibility:

~ Taylor expansion in chemical potential:
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o freeze-out line coincides with the chiral
crossover

< along the chiral crossover energy density
& entropy density remains constant

o sings of enhanced fluctuations around the
ohase boundary ?
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(inverse) specific heat @ constant pressure
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2nd order, O(4)

universal scaling function
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2nd order, O(4)

2nd order, Z(2) Mukherjee & Skokov: arXiv: 1909.04639
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2nd order, O(4)
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non-universal constants from (L)QCD
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how high can we reach?
excited bottomonia in QGP: 1, 2, 3 ...

Larsen, Meinel, Mukherjee & Petreczky: Phys. Rev. D100, 074506 (2019)
Larsen, Meinel, Mukherjee & Petreczky: arXiv:1910.07374 (Phys. Lett. B???)
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on - ATLAS Preliminary
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- ALICE Preliminary, Pb-Pb (s, =5.02TeV,2.5< y <4
« Inclusive Y(1S) (global uncertainty 8.1%)
« Inclusive Y(2S) (global uncertainty 9.6%)
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how does this happen:

color singlet color octet
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Alexander Rothkopf: Quark Matter 2019 22



ny, > Nocp, My, > 7l lattice NRQCD

© expansion in m, L oo™ + 0v°) spin, tree-level tadpole improved

o HISQ: N; =2+ 1, m, = 160 MeV, mE™*, 12 x 48°

extended bottomonium operators

7 =Wy, i = Wy, W= [1 +62AQ/4N)]"

rm

R. . =1/36/2~ 021 MeV

large reductions in the continuum contributions

¥,y : NRQCD (anti-) quark fields, 2-component spinors

A : covariant lattice Laplacian
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M;Efb X T
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thermal broadening of Y(1S), r,(15)
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sequential modifications from thermal broadening 7

how to reach the higher states: 1,2, 3 ... 7
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41 = | d’x(0,(1,)010,0))  Oyl(7,x) = 2 Y(r) y(z,x + nNl'y(z,x) + variational technique
energies by diagonalizing Caﬂ(T)

solving discretized Schrodinger equation on a 3-dimensional
lattice with a Cornell potential that reproduces T=0 spectrum
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1.5:- « Xbo(1P) = Xbo(2P)
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continuum-subtracted effective masses
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= Y(3S)

« Y(2S)

+ Y(1S)

200 250 300
T (MeV)

AM,=m(T) —m (T = 0)

[ (MeV)

800

+ Y(1S) « Y(2S) - Y(3S)

600!
400/ * -
| L
200" . ¢ _
| 0 o
| | i
0k =
150 200 250
T (MeV)

thermal broadening

32




[« (MeV)

o001 800"
500 « Xoo(1P) - Xbo(2P) ! | + Y(1S) « Y(2S) = Y(3S) |
E "E 600; .:
400" : |
| ; S —
| ¢ _' R |
300' T = 400_ * T |
| 1 R *
200" ] O : | L
| } 2007 & ¢ |
100 ¢ l : l . . 3
4 | | ! i |
0] . T e 0 A %
150 200 250 300 150 200 250 300
T (MeV) T (MeV)

g <Dip<lyy<Dyp<lig

sequential hierarchical pattern according to increasing size
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heavy guark momentum diffusion coefficient
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summary

< QCD phase boundary in T —

< radius of convergence in ug

o excited bottomonia in QGP
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