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Correlators and spectral functions

® Heavy qG: a thermometer of QGP in heavy ion collisions

® The spectral functions py(@) contains information about the
in-medium hadron properties

= COS — b
Z<wFHw ©.X)(PrHw(0.0)") = Gu(7) = /%’”(‘”) hs(iz)ff(r“’r)n))
5 2

Strategy:
® Gy(7) on the lattice
® Extract spectral function

® Estimate in-medium hadronic properties

In addition transport coefficients, like heavy quark diffusion
coefficients, are encoded in the vector meson spectral function
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The spectral function
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Ref. [H. Sandmeyer’s thesis]
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The spectral function

® At infinite temperature there
cannot be bound states
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Ref. [H. Sandmeyer’s thesis]



Outline Correlators and SPFs The spectral function Lattice correlators Outlook
o] o] 000000 [e]e) o]

The spectral function

® At infinite temperature there
cannot be bound states

® Melting of states visualizes in
shrinking and broadening of
bound peaks
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Ref. [H. Sandmeyer's thesis]
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The spectral function

® At infinite temperature there
cannot be bound states

® Melting of states visualizes in
shrinking and broadening of
bound peaks

)

® Heavy quark diffusion
constant can be read off in
4 vector channel

3
D ™ my Pv(@T)
3xq 0-0/= [0}

Extraction of spectral function is ill-posed problem — large lattices
needed. Ref. [H. Sandmeyer’s thesis]
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SPF’s contribution to correlators

transport peak = delta

plw)/w?
GV (1T)/Gree(7T)
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w/T T

Figure: Visualization of which parts of the spectral function contribute to
the correlator at different 7. Ref. [H. Sandmeyer's thesis]
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Spectral reconstruction (Quenched)

pggrt(w) — Amatch VéC(w) + p;—glERM((O)
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Ref. [JHEP 11 (2017) 206, A. Lorenz's thesis]
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Spectral reconstruction (Quenched)
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Ref. [JHEP 11 (2017) 206, A. Lorenz's thesis]
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(Full QCD)

Mixed action approach
(Wilson Clover fermions
on HISQ configurations)

Tadpole improved tree-level,

1
Csyw = # up = (tr[Uyv])*
Quark mass tuning

Tune spectrum to
experimental values
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Mass tuning on mixed action (Full QCD)

0442
- ] . .
amby? ® Mixed action approach
vl b ame - (Wilson Clover fermions
on HISQ configurations)
E 0438 - |
3 | L ® Tadpole improved tree-level,
0.436 - 7 p— 1 —_— l
T T Csw = 030 up = (tr[Upv])*
oy ] ® Quark mass tuning
0452 T-’vfl)-}') 7,5;)00 T,S:J[).') T-};JTU T-S:)T') 75;)80 75;]85 d Tune SpeCtrum to

1/k experimental values

® HISQ lattices from HotQCD (arXiv:2110.11659) (m; = ms/5);
643x64, 96°x32, new temperatures at 963x56 and 963x28

¢ Gradient flow (renormalizes the operators, removes cut-off
and mixed action effects and improves signal-to-noise ratio)
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Full QCD (HOTQCD PRELIMINARY)

Ne=2+1 HISQ, a1

G (c, T, T') = /%pH(a), )

0

=7 GeV, my =

ms /5

B3 =8.249,96" x 32, cc, J* = 0" = 8.249,96% x 32, bb, J*C =0~
Lo =00 i TF—OO
e il
| R 4
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Ne=2+1 HISQ, a1 =7 GeV, m; = ms /5

3 =8249,96° x 32, c¢, J"C =17~

B = 8.249,96° x 32, bb, J"C =17~
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Correlators: Quenched VS Unquenched

4.5 Tree 14 A Free
Gps(rT)/GL(+T) Gps(rT)/GHE(rT) »
4.0 f 12 4 mm
Charmonium mﬁﬁ Bottomonium o
351 § 0.75T. £ 04 & 075T. o
§ 1LIT. o ¥ LIT.
3.0
$ 1.3T. 84 & 13T.
2.5 4 L5T. 15T,
b 2257 61 3 2257,
2.0 A
44
{fn] 21 -
T T T T T T T T
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
30 ! . . . 35 . . . .
Grps(rT)/GES (1) 3 Crps(rT)/GE* (1) .
25 FCharmonium, Ny=2+1 3 30 [ Bottomonium, Ny=2+1 (D@ ]
o1 0.607,, 5 s | ot 0607, [
90 |7t 1207 I 25 i 1207 ot 1
[as 135Th, P o0 135Th, P
5’ 20| o j
15 b " K
°
\® 15 | o0 1
10 | o -~
ot 10 | o 1
51 ..‘ HOTQCD o HOTQCD
o PRELIMINARY oo’ PRELIMINARY 1
oo* 7[fm] - [fn]
0 . . . . 0 . . . .

0.2 0.4 0.6 0.8

0.2 0.4 0.6 0.8



Outline Correlators and SPFs
o o
Correlators:
15 Gu(rD)T? /G (+T)x,, =
Charmonium @@Q
404§ 0.75T. 2
Lo T LIT
35 1.3T.
304 0 15T
$ zzsﬂ.mmm K gim
2.5 -
EW
2.0 nn"
mmﬁmm 7[fm]
T : . :
0.1 0.2 0.3 0.4
500 — —
150 |Gu(TT)T? /G (7T)x, 5?0 |
200 L Charmonium, Ny=2+1 @@ e ]
et 0.607, s
350 | rei 1.207. mmé |
35
300 L ™ 1.35T, mmm |
o
L N |
250 T
200 Lez8 |
150 | i HOTQCD g
100 [ooee®® PRELIMINARY
50 L, Tl

. . . .
01 02 03 04

05 06 0.7 0.8 09

The spectral function
0000000

Quenched VS Unquenched

Lattice correlators
oe

200

100 A

Gu(rT)T?/GL (rT)X, o®
Bottomonium o)
& 0.75T. o
¥ 11T, 2©

1.3T. o®
L5T. 20"

1.1 x 107
1% 10°
9x 108
8 x 10%
7x 10°
6 x 10°
5x 108
4% 108
3 x 10°
2% 108 -
1x 108

—T—— T

|G (1) T ) GL (v )X, 5

[ Bottomonium, Ny=2-+1 32

et 0.607, 3

[P 1.20T, 3

e 1.35T% 2 4

L o |

L ° ]

L :, g

8 éA HOTQCD i
égé PRELIMINARY

"

6 ‘

‘ - ifm]
01 02 0.3 04 0.5 0.6 0.7 08 0.9

Outlook
o]



Outlook
°

Outlook

Extend the studies on spectral and transport properties from
quenched to dynamical QCD

Study light quark mass effects by comparing m; = ms/5 and
m; = ms/27
Study cut-off effects and perform continuum extrapolation

Improve on perturbative and non-perturbative spectral
function models

Spectral reconstruction based on spectral function model fits
and other reconstruction methods

Estimate in-medium hadronic and transport properties (Kubo
relation)

Thank you for your attension !
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