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Lattice Temperatures

1st Generation

2 flavours

smaller volume: (2fm)?
coarser lattices: a, = 0.167fm
quark mass: M, /M, =~ 0.55

Ns N, T(MeV) T/T.
12 16 460  2.09
12 18 409  1.86
12 20 368  1.68
12 24 306  1.40
12 28 263  1.20
12 32 230 1.05
12 80 90  0.42




1st Generation 2nd Generation

smaller volume: (2fm)? larger volume: (3fm)3 — (4fm)3
coarser lattices: a, = 0.167fm finer lattices: a, = 0.123fm
quark mass: M, /M, =~ 0.55 quark mass: M, /M, =~ 0.45
Ns N, T(MeV) T/T. Ns N, T(MeV) T/T.

12 16 460  2.09 24,32 16 350 1.90

12 18 409  1.86 24 20 280 1.52

12 20 368 1.68 24,32 24 235 1.27

12 24 306  1.40 24,32 28

12 28 24,32 32

12 32 24 36 155 0.84

12 80 90  0.42 24 40 140 0.76

32 48 115 0.63
16 128 45 0.24




Polyakov Loop and 7,

Light Mesons: Pseudoscalar vs Scalar
Susceptibilities

Electrical Conductivity, o

Charmonium Potential, V()



Polyakov Loop, L, related to free energy, F', via:

L(T) = ¢ F(D/T

But F' defined up to addivitive constant
Imposing renormalisation condition:

Lr(Tr) = some number

gives us
Lp(T) = e~ Fr(T)/T _ —(Fo(T)+AF)/T _ Lo(T)e™ /T _ Lo(T) N~

and defined from renormalisation condition.
Wuppertal-Budapest, PLB713(2012)342 [1204.4089]
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Susceptibilities’ Definitions

_T@an _T@anZ

he 4 Opi X = % OO




XQ =

T 0°lnZ

i =y OiOp;

3/@

Z % Xm + ZQ”LQJX’LJ
=1

17



Useful to introduce:

' 2
T = (ZTT [M_la Aﬂ)
o
}) T; = (ZTT[M_la—M
' V O
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free lattice fermions
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free lattice fermions
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om  2€ . e . e .
EM current:  j, :gjz—gjg—gjza

j%

EM Correlator: G 2™ (7) = /dgfb‘ (s (m, %) 5™ (0,0)7)

Spectral decomposition:

60 = [ K ) with K(r) = T

Conductivity: 7 — _— lim

Relationship to Diffusivity: Dxg =0



Conserved (lattice) vector current used for 5™

Vi(z) = [Pz + ) (1 +7,) Ul(x) (x) — (@) (1 = y) Ul@) (@ + )



Conserved (lattice) vector current used for 5™

G/615:
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Maximum Entropy Method

Recall  G°*™(r) =) K(1i,w;) p™ (w;)
J

Input data: 7, i ={1,..., O(10)} Output data : w;, 7 ={1

.....



Maximum Entropy Method
Recall  G*"(7;) =) K(7i,w;) p™(w;)

Input data: 7, i = {1,...,0(10)} Output data : w;, j = {1,...,0(10%)}

— ill-posed



Recall  G*"(7;) =) K(7i,w;) p™(w;)
J

Input data: 7;, i = {1,...,0(10)} Output data : w;, j = {1,...,0(10°%)}

— ill-posed

PD[pH|P[p|H]

Plp|DH] = PDIH

x exp(—x” + as)

H = prior knowledge, D = data

pw)
m(w)

Shannon-Jaynes entropy: S = / ;Z_w [p(w) —m(w) — p(w)In
0 i

Default model: m(w) = mg(b + w)w

Asakawa, Hatsuda, Nakahara, Prog.Part.Nucl.Phys. 46 (2001) 459



Example Spectral Functions

p(w)




Example Spectral Functions

p(w)
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Example Spectral Functions
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Example Spectral Functions
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Conductivity Result
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MEM Systematics |
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Stability tests discarding the last time slices:
Are we seeing a number-of-datapoints (/V.) systematic
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N-N potential

10—

V(r) [MeV]

_50-...|....|....|....|..
0.0 0.5 1.0 1.5 2.0

r [fm]
HAL QCD Collaboration, Aoki, Doi, Hatsuda, lkeda, Inoue, Ishii,
Murano, Nemura, Sasaki



Hatsuda, PoS CDO09 (2009) 068 use the Schrodinger equation to
“reverse engineer” the potential, V' (r), given the Nambu-
Bethe-Salpeter wavefunction, v (r):

input input
r Lo
(27 +7V0)) 0) =E v0)
l
output

y(r) is determined from a lattice simulation from correlators of
(point-split) operators, J(z;7) = q(x) I' U(x, z + 7)g(x + 7)

C(rt) = Y <JO;7) J(x;7) >

— () e



Charm treated relativistically
Charmonium Operators: Jr(z;r) =qg(x)'U(x,z 4+ r)q(x + 1)

Correlation F'ns: =) (Jr(x,7;r) Jr'(0;0))

. —E;T —E;(Ny—1)
_zj: 2, (6 Cohe )

. , 1 0°
Schrddinger EQ'n {—Z 5.2 + Vr(r)] = Ej;(r)
. s, 1 9? B
Apply this to ;- - _Zj: (@—(‘%2 — VF(T)> 35, j
1 o°
(3 —¥00)

This gives an algebraic equation for Vi (r,“7")



Pseaudoscaar Time-Slice Correl ator
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Spin-Independent Time-Slice Potential
Zero Temperature

V(1) [GeV]
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Spin-Independent Time-Slice Potential

V(1) [GeV]
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V(1) [GeV]

Spin-Independent Time-Slice Potential
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V(1) [GeV]

Spin-Independent Time-Slice Potential
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V(1) [GeV]

Spin-Independent Time-Slice Potential
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Electrical Conductivity

B First time the temperature dependency has been uncovered on lattice

B Results compatible with previous determinations

Inter-quark potential in charmonium at finite temperature

First time this was done with:

B relativisitc quarks rather than static quarks

B finite temperature rather than 7" = 0






EXTRA SLIDES



1st Generation 2nd Generation

(HSC parameters)

Flavours 2 2+1
Volume(s) (2fm)3 (3fm)? & (4fm)?
0.167 0.123
0.028 0.035
anisotropy 6 3.5
M, /M, ~ (.55 ~ 0.45
Action Gauge: Symanzik Improved Gauge: Symanzik Improved
Fermion: fine-Wilson, Fermion: Clover,

coarse-Hamber-Wu stout-link Tadpole Improved
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