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Motivation

 Hadron spectral functions

—Carry all information about the in-medium properties of quarkonia

e Dissociation temperatures
o Thermal modifications when moving
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Spectral functions from LQCD

Temporal correlation function relates to spectral function:

discretized . T cosh (w(rT —1/2)) continuos
~0 (10) @ 1) = —Gmwar)  ~O(1000)
= oL - . dw _
GH(Tvp) — Z eXp(—Zp-$)<JH(O,O)JIZ(T,a}) — o K(w T, T)IO ( ,p,T)
w_ T,Y,2 -/
Ill-posed!

* New Bayesian Method v surier and A Rothkopr, PRL 111,18,182003
* Backus-Gilbert Method & & srandt, et ar proos, 054510(2016) #(0,0) 6‘@ Ju(T, )
* Stochastic Approaches -1 ping, etal, PRD97, 094503 H=(5 7 1 15

* Maximum Entropy Method . asakawa, et al, PPNR 46(2001) 445-508



Inversion Methods: Maximum Entropy Method

A method based on Bayesian theorem to obtain the most probable solution

« Maximize the probability of having p given G&D:

p : spectral function

P\Glp, D, o Plp|D, o

(7 : correlation function
D : default model

. Ingredients: P|G|p, D, al x exp(—x2/2) - likelihood function

Plp| D, a] oc exp(a) : prior probability

Shannon-Jaynes entropy: S|p| = /dw[p(w) — D(w) — p(w) ln(lp)(w) )]

« Check the dependence on N: & default model (DM)



Prior information in the default model

1

[ [ [ [ [ [ [
1652 free lattice
p/w free continuum

eHigh frequency of the SPF

XFree continuum SPF
0.6 _
. H.-T. Ding, et al, arXiv:0910.3098
XFree |lattice SPF e e
04 r

e| ow frequency of the SPF: 02| :
*Non-interacting: Zﬁiﬁghef;ﬁ'gﬁg%?g?4504; °0 05 1 15 2 25 3 a5 4

3.V
pr(w) = NC[(ag) + a8+ (0 + ag))-’ﬂm(w) —> D= " lim N L ©,0) _

wo(w) gives infinite quark diffusion coetfticient
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*lﬂ’[el’ac’[iﬂg: P. Petreczky and D. Teaney, PRD73,014508 4L Pt
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Simulation details

+ Large guenched QCD on isotropic lattices close to continuum

4+ Relativistic treatment of heavy quarks (aMqa<<17)

+ Mg tuned to reproduce nearly physical Jiy mass

4+ Relative error: ~0.3%

G | affm] | My[GeV] | N, | N, | T/T. | oG/G
06 | 0.75 | 0.32%

64 1.10 0.21%
7.793 | 0.009fm | 3.38(J/v) | 192 =6 1.90 0.23%
A8 1.50 | 0.17%

32 2.25 | 0.39%




Temporal correlation functions
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DM dep: charmonia SPFs in VC channel at all T
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e [irst low-lying peaks are stable at 0.75,1.10&1.257;

e A shift of the first peak location(~600MeV) is observed at 1.10 &1.257;

e SPFs become flat at 1.507;




Nt dep: charmonia SPFs in the VC channel at 7> 1.

Reconstructed correlation functions:

Gree(T, T;T') = / dw p(w. T')K (w,7,T) T = 0.75T.

1

,
[ [ DMl L [ DMl L
p(0.75T,) —— p/w? p(0.75T,) ——
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0.8 [t p from Gge(1.10T,) —— 0.8 p from Gge(1.25T;) —— ~
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o After getting rid of Nr dependence the shift of first
peak location becomes smaller at 1.107:&1.257¢
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Charm transport peak at 1.107;
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| | | Larger height
* Qutput width is almost the same to the one in DM

e Qutput 277D varies as the width in DM changes
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Charm quark diffusion coefficient at different T
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Breit-Wigner ansatz for the transport

| peak in DM leads to fixed 2z TD - /T :

|\

10
T

-] -
r D = lim ¢ —c o Dn \
6x00 w—0  w? + n?
dw W 1
N./2)= | —
GNT/2) o W+ n? sinh(w/2T)
c

MEM can only determine the coefficient ¢ or Dy
— The diffusion coefficient can be determined once #/T is fixed

22TD = 0.789(11) Ty + 0.53(8) at 1.107T;
22TD = 0.898( 8) T/ + 0.43(2) at 1.25T;
22TD = 0.825( 9 ) Ty + 0.54(7) at 1.50T;
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Spatial correlation function & Screening mass

« Spatial correlation function: sum over space (x,y,7)

Gu(z,pi,wn) = Y  exp(—i p-&)(Jy(0,0)]}(r, z))

x):y?T
* Relation to the spectral function
> dp, , > dw W
Guleprwn) = [ Feexplins) [ Fonlon D)o

e Long distance behavior: exponential decay Iin z

Gu(z,p1,wp) ~exp(—2FEsr) E _*=p°+M*+11(p,T)
i

at p=0: Escr=screening mass

=0,T=0: Escr=pole m
at p=0,1=0: Escr=pole mass Absorb thermal effects into M(T) and A(T)

* Non-interacting limit \7

Efree — 2\/(7TT)2 _|_ mg Ew.scr2 — A(T)l_iz +M2(T)
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Screening masses of charmonia

1.6

Mser(T>T¢)/ Mg (0.75T¢)
1.5

1.3 -

1.1

T/Tg

0.9 | | | | | | | |
06 038 1 1.2 1.4 1.6 1.8 2 22 24

e Mscr Of S-wave states increases in T
e Mscr Of P-wave states decrease first in T and then increase
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Screening mass—Quenched v.s. Dynamic QCD

1.8

Mo (T)/Mo o (T

SCI’( SCI’(

in)
1.7 | o &

1.6

dynamical: A +--¢---

S I---e---I -
. K
1 5 B 0 09
’
[ 5] ‘O
1.4
1.3
1.2 +
o"
o":' "o::o'
1 .1 o"' o': :::
D - o" :::
s
1 [ ST e e ]
T[MeV]
0.9 !

100 200 300 400 500 600 700 800

Nf=2+1, HISQ : A. Bazavov, et al.,PRD91,054503
 Quenched and 2+1 HISQ : similar T-dependence
 Different dip location for p-waves: 1.10 7. in guenched QCD,

1.437T¢ in dynamic QCD
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Dispersion relation of charmonia
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* Dispersion relation for S-wave states remains unmodified for

charmonia as A(T)~1

See also: A. lkeda, et al., PRD95. 014504

* The reason could be that the largest momentum is still less
than the masses of charmonia (~3.5GeV)
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Summary

We have performed simulations on large quenched isotropic
lattices to calculate the temporal & spatial correlation functions
at both zero and nonzero p

* There exists a shift for the first resonance peak in vector
charmonia SPF at 1.107.&1.257;

* So far we observed a linear relation between 2z TD and T/x

* The screening mass of S-wave states increases in T while for
P-wave states they decrease first and then increase

* Dispersion relation in our quenched simulations seems to be
not modified in medium when p < Msre
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_functions in the VC channel

G/G,..cancels out the trivial temperature G,irr SUPPresses = independent

dependence of K(w,r,T) : contributions, e.g. wé(w) term in SPF:
G(r,T) B fdw plw, T)K (w,7,T) GUt (1 /a)  G(r/a) —G(t/a+1)
Grec(T,T;T") [ dw p(w,T") K (w,7,T) GUff(r/a)  Grec(T/0) — Grec(T/a + 1)
1.18 | | ' ' 1.01
116 - To2501% T=07eT —e— 3
144 b T=2.25T, T'=1.10T; = s S R i'ﬂi'i' """""""""
- Her s -".E8 0.99 | iii?iﬁ -
S oy s % iiiiiig
G 1.08 | . { & o098 E % ¥ -
e 106 : 4 1 E E
1.04 | s _" |5 oe7r % ]
B é um i
1.02 & 2. [ | 096 F ¥=150¥C’¥=075¥C —a— % i
—cpdm @ - B B E-"- - - - - m m - - - - - - =2. '=0. —o—
1% momd-mtm 4wt B Ly gng Lt Zng A
0.98 ' ' ' ' 0.95 | | |
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
T T

 Thermal modification includes two parts: transport peak &
resonance part
* Large thermal modifications are observed to the low-lying

states in charmonia correlation functions
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nctions

Spatial correlators: G(n,)=A cosh(M , (n,— N, /2))+ A, cosh(M, ,(n,— N, /2))+ees

Two-state ansatz: Plateau in y2/d.o.f:
0.4 T T T T T T T T 10 T T T T T T
! Mgerq L 2o
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6 -
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tion

Vector, charmonia

1e-02 \
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O 5 10 15 20 25 30 35 40 45 50

F. Meyer et al, PRD94,034504

e Eigen values decrease
monotonically with tau for all
temperatures.
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0

I
ojk/G smgle source

Oj/G,multi-source

+

O T AT
++

e« 5G/G ~2 times smaller for
multi-source than single-
source.

* No exceptional configurations.
* Small enough error.
* (Good benefits from multi-source.
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