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From 2015 LRP: understanding the inner workings of QGP by probing different
length scales

027, 0747, 117, 231, RHIC LHC Runs 3-5
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In-medium quarkonium masses and widths Transport models for quarkonium
M, (T), ! (T) suppression and regeneration
: | Langevin dynamics of quarkonium
Complex potential at !"#

regeneration, open quantum system

Heavy quark diffusion coefficient ! (T)

Collisional energy loss, open
(average momentum transfer to heavy quark)

heavy flavor suppression


https://inspirehep.net/literature/2638645
https://inspirehep.net/literature/2648102
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Larsen, Meinel, Mukherjee, PP, PLB 800 (20) 135119

@6 v - e HISQ, 483 x 12 lattices with m; = m,/20
ol ) = Y = Y& (from T, and EoS calculations)
%8 - Fit M (;f‘f‘}fb(T, T') using a simple Ansatz:
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No significant thermal mass shift is observed in any of the bottomonium states

contrary to expectations of the potential model with screened potential
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Larsen, Meinel, Mukherjee, PP, PLB 800 (20) 135119
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Significant thermal width for all bottomonium states that increases with !
Bottomonium states dissolve when thermal width is larger than the level splitting

1L, (T)>"E

Thelt (! (38)) L Telt (! b(ZP)) I 220 MeV

Tmelt(T(QS)) | Tmelt(! b(lP)) I 360 MeV
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If potential at T" > 0 exists the p.(w,T) should have a well define peak at
w =~ ReV(r,T), and the width of the peak is ImV (r,T')

Rothkopf, Hatsuda, Sasaki, PRL 108 (2012) 162001

Challenge: reconstruct p,(w,T) = subtract the high w part of the spectral
function using 7' = 0 lattice results and model the ground state peak by a
Gaussian form v
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Bala et al (HotQCD), PRD 105 (2022) 054513
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Challenge 1: obtain precise results for chromo-electric and chromo-magnetic (very noisy)
I Noise reduction via multi-level algorithm, applicable to quenched QCD (pure glue plasma)

I Noise reduction by gradient flow method (new development !) , also applicable in full
QCD

Challenge 2: reconstruct the spectral function from the Euclidean time lattice correlator

NLO o /
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2+1 Ravor QCD with m;
96° x N lattices with N ..

reduction

6431 N, lattices have been partly generate

using USQCD allocation (2022-2023).
Gauge fields are smeared in the radius /8!
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ms/5 (m, = 320 MeV), T = 195 — 354 MeV,
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with N, = 20, 22, 24 = 3 lattice spacings at eachT; Gradient [3ow for noise
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We see small cutoff effects thanks improved actions
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e x/T3 has signibcant temperature dependence

e D, is signibcantly smaller in 2+1 Bavor QCD than in quenched QCD an
is close to the AAS/CFT limit

5oL 2"
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' 14 F ‘ T _ T ‘ T ‘ T ]
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15.09713 Eal' 0.1 0 _ : fo:O QCD w& ~ 1
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d 10 Bayesian ¢ -
10.0- s ?
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c

Extend the calculations to smaller T and physical quark light quark masses 5
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2005-2021 All Type-A proposal focused on EoS and various aspects of QCD phase diagram,
a few Type-B proposals on spectral function

2022-2023 Type-A proposal ”The heavy quark diffusion coefficient in (2+1)-flavor QCD

from lattice”

Goal : generate 64! N, lattices, N, = 20, 22, 24 form; = mg/5 andm; =
ms/ 20 for the calculation of the heavy quark di usion co€ cient

Requested: 28.8 M KNL core hours, 0.22M MI100 GPU hours

Awarded: 16M KNL core hours, 0.175M MI100 GPU hours

2022-2023 Type-A continuation proposal "The heavy quark diffusion coefficient in (2+1)-

flavor QCD from lattice”
Goal : generate 64! N, lattices, N, =18, 20, 22, 24, 26, 28 form; = mg/ 2C

for the calculation of the heavy quark di! usion coé cient
Requested: 40.3 M KNL core hours, 0.315M MI100 GPU hours

8*'3/'+'2#$'F3/#4/'3&,+:%/42#$%,+53M%..3;'3#.5,345'F3%$,3'5$%-#3'3-'5,+359'&$2#.
:4+8&3%,+53#+F3%$*'3&,-9.'739,%'+$%# BHP3
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HQ/onium theory

Finite-T HF
in small systems

:> HF observables
Ralf Rapp(PI), P. Petreczky, Lattice-QCD E pp, pA + EIC }
R. Vogt (co-spokespersons),

S. Bass, X. Dong, Frawley, @ @ @ N @

Y-J. Lee T. Mehen, S. Mukherjee, Initial conditions Open HF

J. Qiu, M. Strickland, I. Vitev \ forAa obs. in AA

HQ EFTs
+ QMBT

N
Quantum Trans. @
@ Theory

Spectral fcts. + Quarkonium
transp. coeffs. obs. in AA

Bayesian
analyses

W@8392,/2#-3
Heavy Flavor Production in Heavy -lon and Elementary Collisions (22-3)

Z. Meziani , P. Petreczky , R. Voqt

18


https://www.int.washington.edu/programs-and-workshops/22-3
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The thermal width of bottomonium increases with 7" and leads to melting:

Trmeit (! (35)) ! Tmeit (! n(2P)) ! 220 MeV ?=&$*$;%&;([*;.("&"+S$*$(=Q(
Trnert(Y(25)) 1 Tonere (P 5(1P)) 1360 MeV $\"**+(G%$=&(E=##%+"=#$

No significant thermal modification of bottomonium masses have been
found in contrast with the expectations based on potential models with
screened potential

Lattice calculations confirm the existence of the imaginary part of the
potential; There is no evidence for the screening of the real part of the
potential | Matsui and Satz picture is not correct, quarkonium melting
is not related to color screening

First full QCD calculation of the heavy quark diffusion coefficient become
available now and indicate that x/T° is larger than un quenched QCD
and close to the Ads/CFT bound

Extend the lattice calculations to larger N, and physical quark masses
(Goal of the 2022 and 2023 USQCD proposals)

Interface between lattice QCD and phenomenology ! Theory Topical
Collaboration

19
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1/M correction to the momentum heavy quark diffusion coefficient = Gg(7,7T)
Gp(7,T) has anomalous dimension = additional matching to M S is needed

B4'+&*'F3BCD
X2#F%'+$3:.,M3Y3%+&,-9.' &3P 3-#$&*%0+/
T=1.5T,
3.64 % V8Te/T=0.23 X ;‘(
im0 ¥
s 341 \/gjng 2: X i S4.$%=".3#./,2%%$*-3Y 3
° | R +,+ 192842, #$%="3-#$8*Y%o+/3
& x = =0o#31&*2ZF%+/'23:4+&%$%,+#.
= 30- x X
S s X
2.8 A X
%
0.125 0.1’-30 0.135 0.210 0.215 O.ESO
T
1.5T. ;! 5 =(1.23—2.54)T", l5=(1.0-21)T?
Brambilla, Leino, Mayer-Steudte, PP Banerjee, Datta, Laine JHEP 08 (2022) 128

(TUMQCD), PRD 107 (2023) 054508

<v2> is taken from PP, EPJC 62 (2009) 85
MNONP&#.--+#/).'&3.-&9.//.%&;$"-:? &IQNP&#.--+#/).'&3.-&#4"-% &;$"-:
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Larsen, Meinel, Mukherjee, PP, PRD 102 (‘20) 114508
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