rators
ded Meson Ope
e

Exten

1al
tentia
ell po
ith Corn
tial model wit
oten
from p
r
t). W
t)Iq(x,
X+,

*
~
||
-
Q|

2
¥ (GeV?

2
¥ (GeV?

~.~..-~. |
--.-.~, ,--.-..~..
— 2222 %...
%O.--.q ;~'.~.~_...~.......-...... %%....
-.~..... = %1’......--.~...-~.~.-.~.
-..~....4 — = \\%%«. --~.....
e n%“ss\\\%u.-~. ZRZR
S = ,'.%\\\s&..- S
= |/ /77 ..ssss,%. 2
K ll.&‘\% 2 2%
L =5 i ,s‘\%,% s
LK 7 %\w«zw L
R \ ,-~\~s--~z~.~.~'
2 X V111H ”"#.\sswu»azn%
. ( s---'~'~
& X \// ’//”’:”s*s‘s~%.. =
S ! ¢ sss%-~."
e 2 § 11} /4—.-ss~- S
s 2\ ‘VIILZ.%&%%:.
2 - ~’~'-.~.~.:-,’-:'-'~t\§§\\\\\ L “@s’%”’.{:
0. s 5'5':':.:.:.;4;\\\\\\\1 ""%”"”"’3”%
277 77 o 2L | T 7
""’#.z;....‘ %..%%M: 1
~.-.~.~.‘ S 22277 77 ':'h"" CER 27 R 7
-~.~..... — R 27777 L7 ... Ly #..0....-~
--~.....‘ — = .........- nn":l'. L5 0.%. -.~.'-
-~.-.... S 277 L5 % -~.. R
~....,..,,~ ~...... i ....u"ll"".. 0,-~.-.~..'-~
%%--...~< 22 -~.~..~’~" 27 .c...u'.'. L SO --.~.-
--.~....,~ S . %..... ---~ "... .~., -..,...
% ..~..,..~< SR Z .~.~....-~..~.~...~.~...."... '....'.~....,..-
......,,, A 2z LT ...,... ~.~.--.~.~.~.~.~.. -~.. -~.~... g
--~.~,..'-, 22 -.~...-----~.~.-.. "-- 5z --.~"'~
%’.h.....".q 22 %.. ~.-. ’O’O##%O.... %..h... ..~..-~ S
.... S 7% L %--~... #%O.#... %O.... ’%0
- "‘"’:z%#.;% = 2 LR »%
.,-....~,~..,», Sagym PAAZ 2 L --.~....:~’~'.~,~...,.‘:.
0. -..~..-~:-.~..,.~z~..~: : s = -
-Z~:-"~.~"~’.-“’q‘ 1771 s
S oSy 717 s
~.-.. X / .'..~.-~..
0 2 — g ~"~":~’:~\~ g ':’:”’:””""'53:.:.:,:# 4
S %~*\s ~’///::~:.......
. ~.-..~.-~#s S22 ..'.'.~..~
-~.~...’- -,‘,........
%--~..- N s’.'/-'. ~.~...
] e S = LT
--...., S ’~'-~ oy -----.
R %’.~ #%O. % % .%#.
""~'~'Z~:~:.:.; %%ﬁig%% [ & o %::“\‘\\\\\:.:,'ll’ e
%’...... /| 22 --~..,. -~.~..... 2 %o.@s\:\\ s e
.--.O...’ ”%%... ’%’........ Z 2 -.&0~‘~\\7 =77 ;~~.~... Sy
%%....... %--. ..--~......, L2 --~.¢,.- ’”’zzz._...
-~.-..., = -~.~. 2 %.:.’.-~.~... . —— .~,--.~..~’~‘.~ = IR
R e 75 ””## O..... -~%~..... %%... ""-%- """
R LR ..,.,.%%-.~.... - ..-.-... 2T
= ] 22 -...~'.~.-- S 22z .-.~.~.~......
Z R LA %~.~ --.... "”’%’...
s == SEERR ......, --.~..~...-
- 55 = 0 S .%% 2
Sov

25
S
.'.""#.;;.

t
0. such tha
N Qozj J

tes but O; — ~0Ta X 50"601 as
onium sta all 05 obtaine
ith bottom ; can be

d OVerlap . 0 folf' 1 # '] >
00

(2

S~
I

~
S —-

1 (10)82aj-
J
t,10)G

, — Ao

- (t g

ij

5119
20) 13
00 (20

: PLBS

45069

D100 (2019) 07

R

ice, PP, P

€rjec,

inel. Mu

Meine )

arsena



Meff (GeV)

Correlators of Extended Meson Operators at T=0

CLMeff(t) =
- + Y(1S) = Y(2S) = Y(3S)
1.0 . Coe s } l
0-5} L ° ° ™ ° ° ° P
0.0 e T
00 02 04 06 08 10 12
7 (fm)
Ca(T,T):/ dwpe (w, T)e™ T

] 1.5} +« Xbo(1P) -+ Xbo(2P)
310,
19 ® o o o o . & ¢
e +
S O'Sf i . R . . R s R s

0.0 7

00 02 04 06 08 10 12

T (fm)
d high

pa(w, T) = pg“(w,T) + p*" (w)

ped (W, T =0) = Apd(w — My) = Co(7,T = 0) = AgeMoT 4 Ohigh(7)

Determine A,,M, from single exponential fit for 7 > 0.6fm and then C*8"(7)




Correlators of Extended Meson Operators at T>0

C’S“b(T, T)=Cuy(r,T) — C’high(T) = aMSFfb(T, T)=In (C’Zub (1,7) /CZ”b (T + a, T))

(0% (87 e
12
1.0- = Xbo(1P) < Xbo(2P)
o8
1> b
3 06 ¢
Eg%o.4i=.-;--;
1S

: A A
0.2 \\
0.0

60 02 04 06 08
r (fm)

Fit M3 (7, T) using a simple Ansatz:

pgled(w’T) _ Agéut(T) 5 (w . wCUt(T)) + Aa(T) exp < [CU - Ma(T)] )

@ 212 (T)
/'

Low energy tail = Mo (T),T'a(T)

10
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Thermal width and mass shift of bottomonium
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Reconstructing Spectral Functions at T>0

Two main problems:
1) 7 < 1/T = limited temporal extent at high T
2) relatively small number of time slices (V. = 12 in our study)

Study these effects at I' = 0 by using only the first 12 data points:
10°

N32 = ] ' 'N32 - ' 'N32 - ' N_64 (44) -
10° | N.12 - N.12 - N 12 - N12 -
ey B=6.664 ] B=6.800 B=7.280

C10' F S-wave
10° | i
10" 1
102 } ’
103}/ Ar=2Mev 1| S AT=6 MeV AT=8 MeV AT=21 MV
P Am=2MeV || .7 Am=4 MeV Am=7 MeV Am=31 MeV
10 1 1 -~ 1 1 = 1 1 o~ 1 1
1 15 2 1 1.5 2 1 1.5 2 1 1.5 2
Aw [GeV] Aw [GeV] Aw [GeV] Aw [GeV]

Decreasing 7,4, = 1/T leads to broadening of the bound state peak

(to be taken into account in comparison 7' = 0 and T" > 0 spectral functions)
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In Medium Bottomonium Mass Shifts
From Bayesian analysis

T [MeV] T [MeV]

0 ‘ T 4 \ T T | 0 h‘ AA T T T T
50 4 + | 50 L A +
-100 + 1 -100 1
-150 | N - } -150 |- o 3 )
n=4 bottomonium °P; n=4 bottomonium °S;
[BR T>0] calib. [BR T=0 trunc.] [BR T>0] calib. [BR T=0 trunc.]
_200 | | | ] | | | _200 ] | | | | | |
140 160 185 223 251 333 407 140 160 185 223 251 333 407



Quarkonium Spectral Functions at T>0

25
20
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T T T T T T 450 T T T T T T T T
= T=140MeV =—=T=173MeV =——=T=223MeV = - T=140MeV =—=T=192MeV
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B T=151MeV =—T=185MeV T=273MeV = - P4 bottomonium t-151MeV =——=T=212MeV
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n=4 BR T>0 200
150
100
50
0
9 10 11 12 13 14 15 16 9
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T T T T T T T T I I |
= T=140MeV =—=T=178MeV . 20 T=140MeV =—T=166MeV =—T=199MeV ]

T=145MeV =——T=185MeV

B T=151MeV =—T=192MeV .
T=155MeV =——T=199MeV

B T=160MeV —T=212MeV 7] 15
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33, charmonium 10
n=8 BR T>0

T=145MeV =—T=173MeV ——T=212MeV
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T=160MeV —T=192MeV .

P, charmonium
n=8 BR T>0
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3 35 4 4.5 5 5.5 6 35 4 4.5 5 5.5 6
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Bottomonium Spectral Functions with Different Methods

24_ | | I 4 H | | — | | ! L | | - = 1 | |
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10 12 14 10 12 14 10 12 14 10 12 14
24 | | I q i | | — | | | | | |
o1l T=223MeV T=251MeV | T=273MeV T=833MeV.
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15
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9
6
3
O ] ] ] | ] ] ] ] ] ]
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T spectral functions
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Charmonium Spectral Functions with Different Methods

T=140MevV | | T=151MeV T=160MeV T=173MeV
3P, charmonium
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4 5 6 5 6 5 6
T=185MeV 1 | T=199MeV
] . BRI —
_ u BR —
MEM
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4 5 6 7 4 5 6 5 6 5 6
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X spectral functions




