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 What are the dissociation temperatures of heavy quarkonia®?
* Do they suffer from thermal modifications when moving in medium®
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Ground state
Excited state .

e Deformation from SPF:

A <1, dissociation T

[transport peak w
(vector) >
N * Heavy quark diffusion
T>T coefficient:
A >
pm w, 0)
lim Z
I'—> oo XOO w—0

N | /




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

G 7pJ_7wn Z eXp JH(O O)JT (7_ ','B)>
(0,0) @ Ju (7, )

e Relation to the spectral function

— 00

> dp, > dw
GH(ZapJ_awn) :/ geXP(ZPZ )/0 7PH(W7P,T)

H=(y5y" 1,7°")
W
5 5 for pseudo-scalar(P), vector(V),
w* + wp scalar(S). axial-vector(A) channel

e |Long distance behavior: exponential decay in z

GH(ZapJ_a wn) ~ eXp(_ZEscr> E'Sﬂ2 = ]_52 + M2

at p=0: Escr=screening mass
at p=0,T=0: Escr=pole mass

* Non-interacting limit

Bfree = 2/ (xT)2 + m? E,> = A(T)p’

V

+r%(l3,T)

Absorb thermal effects into M(T) and A(T)

+M*(T)



* Relation between temporal correlation function and SPF

GH(Tap) — Z eXp(_i p- LB)<JH(O, O)JIT{(T7 il?)> — / _pH(wapa T)

\ m?y?’z

> dw cosh(w(rT —1/2T))

0 27T/ sinh(w/2T)

ll-posed

e Inversion methods to solve ill-posed problems:

-

(" )
Stochastic Analytic Inference

stochastic approach
based on Bayesian theorem

J

mean field limit /

(I\/Iaximum Entropy I\/Iethod\

based on Bayesian theorem
the most probable solution

g

\jefault model=const.

'Stochastic Optimization Method

stochastic approach
does not need default model

J




+ Quenched QCD on isotropic lattices

+ Large guenched lattices close to continuum (aMqao<<7)

+ Clover-improved Wilson fermions

+ Quark masses tuned to reproduce nearly physical J/p mass

and Y mass
+ 0<|p|<3.17GeV

* non-zero momenta (1 source, 6G/G ~1.5% at the middle point in the vector
channel) )
e zero momentum (~5 sources, 6G/G ~2 times smaller)

5] a1 K Ny, | N | T/T,. | #conf

0.13221(cc) I .79 218

64 | 1.10 | 248
7.793 | 22.8CeV 192 | s | 190 | 100

0.12798(bb) 48 | 1.50 | 210
32 | 225 | 235
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e For both bottomonia & charmonia, Mscr Of S-wave states increases in T.

e For both bottomonia & charmonia, Mscr Of p-wave states decrease first
In T and then increase.

* More changes in Mscr are observed for charmonia.

9



1-8 T T T T T T
Mo (T>T)/M . (T<T,)
17 i SCr C SCr C ":g i
1.6 ¢ dynamical, AA === 1
dynamical, SS +--e--- P
15 dynamical, VV +--ac-- o
' dynamical, PP +--%-=
quenched, AA +r—eo—
1.4 L quenched, SS +—e— §
quenched, VV +—a—
quenched, PP +—«—
1.3 | -
1.2 | -
1.1} 5 L -
1F ey |
T[MeV]
0-9 | | | | | |
100 200 300 400 500 600 700 800

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

0.9

d v.s. Dynamic QCD

Mg (T>T o)/ Mg (T<T,)

- dynamical, AA +--e-- quenched, AA +—e— ',:;9 .
dynamical, SS =--e--- quenched, SS —e—
dynamical, VV +--ae-- quenched, VV +—a—

. dynamical, PP +--%-- quenched, PP |—x—| .

DA oé

B oiio’ N

- Nf=2+1, HISQ : T
| | A. Bazavov, et al.,PRD91,054503(2015) c
1 1.5 2 2.5 3 3.5 4 4.5

* Quenched and 2+1 HISQ : similar T-dependence.
* Different dip location for p-waves: 7.707: in quenched QCD,

1.437; in dynamic QCD.
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* Dispersion relation for s-wave states remains unmodified for
charmonia as A(T)~ 1. See also: A. Ikeda, et al., PRD95. 014504

* The reason could be that the largest momentum 3.17GeV
s still less than the masses of charmonia (~3.5GeV).
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e Similar situation has been observed as in the case of charmonia.

Non-relativistic quarks: G. Aarts, et al., JHEP 1303(2013) 084
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eHigh frequency of the SPF
*XFree continuum SPF
*XFree lattice SPF

¢ | ow frequency of the SPF:

- . . F Karsch et al., PRD68, 014504:
*Non-interacting: G.Aaarrst:efaﬁ NPB726, 93

Heng-Tong Ding, et al, arXiv:0910.3098
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3
pr(w) = NC[(ag) + ag))fl + (ag) -+ ag))lg}wﬂw) —> D— 1 lim pii (w, 0) — oo

wo(w) gives infinite quark diffusion coetfticient.

*Interacting: . petreczky and D. Teaney, PRD73,014508

I n
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linear In w at w~0.

6(w) I1s smeared into a transport peak
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Stochastic approaches MEM
- " SAI, Free —— - " Free —
1 F n SAl, Res1 + Free - 1 F Res1 + Free .
I S SAl, Res2 + Free ] [ noooa Res2 + Free
N SAl, Res3 + Free ] ! P, 'y Res3 + Free
- Vector SOM ] - o oy Vector
0.8 — . LI , . — 0.8 — | L n
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DM = Free, Res(1-3) + Free
Peak location: Res1 ~ J/W mass, Res? > J/V mass, Res3 < J/W mass

e | ocation of the first peak is robust, same as the screening mass
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rmonium SPF at 1.57.(7)

Stochastic approaches MEM
[ " SAl, Trans22 + Free ——— | [ " Trans22 + Free —
1+ , SAl, Trans22 + Res1 + Free . 1+ A Trans22 + Res1 + Free N
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DM = Trans + Free, Trans + Res(1-3) + Free
Peak location: Res1 ~ J/W mass, Res? > J/¥Y mass, Res3 < J/W mass
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Stochastic approaches  vector MEM

e e [ O e e L A L B
i SAl, Trans21 + Free

1+ SAl, Trans22 + Free
[ SAl, Trans23 + Free
SAl, Trans24 + Free
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' Vector ; : Vector |
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DM = Trans(21-24) + Free
Trans(21-24): 2z TD ~ (1,2,5,10). Width of the transport peak is fixed.

e High frequency part has small DM dependence.

J/W seems to melt already at 7 = 1.57¢ !
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monium SPF at 1.57.(3)

Stochastic approaches  vector MEM

———
i Trans12 + Free

- 10 Trans22 + Free
i Trans32 + Free
Trans42 + Free

LA S B
! SAl, Trans12 + Free

10 SAl, Trans22 + Free
i SAl, Trans32 + Free
SAl, Trans42 + Free

T oxTD Vector T oxTD Vector
5 5

3 3

g &

2x D~ 1-7

DM = Trans(12-42) + Free
Trans(12-42): /T ~ (2,1,0.2,0.1). Height of the transport peak is fixed.

e | ow frequency part is sensitive to DMs.
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2nTD

12 |

10 |

SAl —>¢—
MEM +—¥—
onTD = 2n(T/M)(T/), M=1GeV - - - - .
21TD = 2x(T/M)(T/m), M = 2 GeV ‘

ark diffusion

Qutput #/T is almost the same to DM #/T for MEM.
Output 22 TD varies as DM #/T changes.

It seems that Dy is always fixed.

1
fD: M

lim ¢
6x00 w—0  w? 47

~

5=—C o Dn

B dw wn COSh(w(T - 1/2T))
G(t) = / o ¢ w2 + 72 sinh(w/2T)

\_ o c(w<T) )

Both SAl and MEM can only determine the coefficient ¢ or Dy
— The diffusion coefficient can be determined once »/T is fixed.

2xTD =1.16(4) T/n + 0.40(2) for SAI
2xTD = 1.33(4) T/n + 0.42(2) for MEM

The Einstein relation suggests 2z 7D =< ©.

for T/n=1—5 2xTD ~ 1.6—6.2 for SAI
> 2rTD ~ 1.8—7.0 for MEM
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We have pertormed simulations on large quenched lattices to
calculate both the temporal & spatial Euclidean correlation functions
at both zero and nonzero p.

*Most of the results suggest that J/W might melt already T=1.5T¢

%S0 far we observed a relation between 227D and T/x, which gives
arange 1=2z/Ds=s7for1=1T/p=5.

*Charmonia suffer from more thermal effects in medium than
bottomonia in screening mass.

*Dispersion relation in our guenched simulations seems to be not
modified in medium when p < M.

® Analysis of the temperature dependence of continuum
extrapolated correlator is on the way.
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Thanks!
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e The error is small at small
momenta: around 1.5% in VC
channel, 1.8% in PS channel

* The error becomes larger at the
largest momenta: around 7% in
VC channel, 22% in PS channel



| correlation functions
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* Clear temperature dependence Reconstructed correlation function:

d
Gree(T,T;T") = /%p(w,T’)K(w,T, T)

/ 4 p/’ 4 plo’ 4 plo’ \

T<T

I
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SAI

n(x)=2 r; 6(x-a;)

4 n(x)
e

>

e Update schemes

t n(x) %

. —
: X
- >

K- Ingredients: 6 functions w

Shift

e Normalization

k S r,=G(r)

Change residues

/

k > 1 :G(To)
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SOM

K- Ingredients: boxes
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e Update schemes
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* |n both V&A channels, ratios decrease in T.

e |InV channe
* |In A channe

complicatec

situation.
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ratios < 1 for all T = Msc(T)> Mscr(0.75T¢).
. ratios change non-monotonically =

100



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

[M. Jarrell, J. E. Gubernatis, Phy. Rep.269,133(1996), M. Asakawa et al., Prog.Part.Nucl.Phys. 46(2001) 459-508]

* Spectral function is expressed as an average with a conditional probability
(p) = /dozP[oz|C_¥] /Dp Plp|la, Glp =~ /dozP[oz|G]ﬁa ,  Pla|G] ~ exp(—F)

* Free energy: s

=0
0pa
Al o _

2
| —— Pq (the most probable solution)

2

=X

minimize F deterministically

* Shanon-Jaynes entropy:

() Default model D(w) carries
plw or | i
g :/dw W) — D(w) — o(w) In the prior information about
i plw) = D(w) = plw) (5 75) the solution o(w)
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-
Stochastic Analytic Inference

stochastic approach
based on Bayesian theorem

~

mean field limit /

rI\/Iaximum Entropy I\/IethoolN

—

based on Bayesian theorem

Y
\jefault model=const.

'Stochastic Optimization Method

stochastic approach

the most probable solution

. does not need default model

_J
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Stochastic Analytic Inference (SAI) ‘

[H. Ohno, PoS(LATTICE 2015)175]

* A stochastic approach based on

Bayesian theorem
<(n>> — / da(n)eaPlalG]  n(z)

*Field treatment of n(x)

R [ Dnn eX"/2a
e = T Z )

mean field limit:

(n(z) —n(x)) (n(y) — n(y))

v

pa(w) = Na(p(w))D(w)
Equivalent to MEM

€S

‘ Stochastic Optimization Method (SOI\/I)‘

[H.-T. Shu, et al, PoS(LATTICE 2015)180 ]

1e14

'I'I'I'l'l'l‘I

T T T 1
L d?log(E)/d?log(at)
1e12 | E—
I -+ 05
1e10 -
:  (energy) g
1e8 - 8
(oY}
w - 40 =
L
1e6 - B’
- R
1ed |-
© _ -+ -05
1e2 |-
160 | PR TR | ) | I | | | | | _1

1e-4 1e-2 1e0 1e2 1ed 1e6 1e8 1e10 1el2

o (temperature)

*No default model is needed.
*Equivalent to SAl using const. default
model.
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