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Meson correlators and spectral functions

In-medium properties and/or dissolution of mesons are encoded in

the spectral functions: 1 o |
plop.T) = 5ot [ dett [ e (3(2,1), 70,0
Melting is seen as progressive broadening and disappearance of the bound state peaks
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Due to analytic continuation spectral functions are related to Euclidean time quarkonium
correlators that can be calculated on the lattice

C(r,p,T) = /d3xeim<J(aﬁ,—i7‘)J(O,O)>T

z — d(()‘) w p T
C(],p, ) / ( s M ) 1 ]( /(2/l1)) "_6’0 ??

Umeda et al, EPJ C39S1 (05) 9, Asakawa, Hatsuda, PRL 92 (2004) 01200, Datta, et al, PRD 69 (04) 094507, ...



Why NRQCD ?
Quarkonia to a good approximation are non-relativistic bound state

po ~ Mgv < Mg
EFT approach: integrate the physics at scale of the heavy quark mass

NRQCD is the EFT at scale << Mg ; Heavy quark fields are Pauli spinors:
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Advantages:
« the large quark is not a problem for lattice calculations, lattice study of
bottomonium is feasible (usually a Mgy << 7, which is challenging)

» The the spectral function is less UV dominant => more sensitivity to the
bound state properties

* Quarkonium correlators are not periodic and can be studied at larger time
extent (=7/T) => more sensitivity to bound state properties

+o0
C(r,T) = / dwp(w,T)e”
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NRQCD on the Lattice

Inverse lattice spacing provides a natural UV cutoff
for NRQCD provided a~! < 2MQ (lattices cannot be too fine)

Quark propagators are obtained as initial value problem:

Gu(x,t) = (0= 410,0)) @ (x,4) = -Gl (x,1)
Gy(t) = K(O)Gylt — 1)

CL(SH‘t CLHO|t " T CLH()'t_l " a5H]t_1
= — — - - - 1] - — =
K= (1 Y (1 ok (ot 1)

_A©2)
S 6H ~ v*, v°( spin — dep.)
b Meinel, PRD 82 (2010) 114502

t=1/a, Hy =

masses are defined up to a-dependent shift: M~y (15) = Ev(1s5) + Conite (@)

Light d.o.f (gluons, u,d,s quarks) are represented by gauge configurations
from HotQCD, ms = mP"% m, 4 = ms/20 <> m, = 161 MeV

T > 0: 483 x 12 lattices, T. = 159 MeV, the temperature is varied

by varying a <+ 3 = 10/g® Bazavov et al, PRD85 (2012) 054503

= 140MeV < T < 334MeV



NRQCD meson correlators

Point correlators: State Irrep AY¢ T
Aarts et al (FASTUM) , Kim, PP, Rothkopf M A1_+ 1
T 17 o
C(t) = D _(0p(t,%)0,(0,0)), o TV
X X b0 Aii—+ o-V
Op<t7 X) — XT (ta X)Fw(t X)) Xb1 leLjL (J X V)j
X b2 T2++ aij —|—0ij

Extended correlators:

O,(t,x) — O(t,x) Z\I' f(t,x)T(t,x + 1)) W(r)
or realistic wave-function

o Irl?/o

Optimized correlators: use several different extended meson operators
with realistic wave functions and form orthogonal combinations

OZ' — O~a = QajOj, <O~a(t)ég(0)> X 5@ 5, 1 2 3

Mixed correlators (Bethe-Salpeter amplitudes ):
. ~ pd
Cr(t) = {01, (t,%)04(0,0)) ~ da(r)eFet, t — 0o

X

Bethe-Salpeter amplitude

Oy (t,x) = x (¢, x)T(t,x + 1))
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Point operators vs. extended operators
aMeg () = In[Cy(t)/Cu(t + 1))

0.4/ ‘ e ‘ ‘ ‘ ‘ 0.5 S :
' z — T=0 Point 3 o 1=0
- Y(1S , 0.4
e (15) — T=0 Smeared - m(1S) + T=151
> > 0.3’ s T=0
02 x S ° T=334
3 | . C 02 . v
0.1 ) . f | ®
I * B z z 01
80 02 04 06 08 10 12 14 0'06‘0‘ s 04 os o 1o
7 (fm) :

The effective masses of point correlators 7
do not show a plateau for 7 < 1.2 fm and 0.9- Xbo(lp)
have very small temperature dependence ;

S
The small 7 behavior of the effective masses &
is well described by perturbation theory for ¢

=

P-wave bottomonia

The correlators of extended operators 0.5:

approach a plateau for 7 < 1 fm. 04l
'6.0 0.2

| T (fm)'
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Correlators of Optimized Meson Operators at T=0

CLMeff(t) =
- + Y(1S) = Y(2S) = Y(3S)
1.0 . T T T % { l
0-5} L ° ° ™ ° ° ° P
0.0 e T
00 02 04 06 08 10 12

7 (fm)
Co(7,T) :/ dwpe (w, T)e™ T

] 1.5} +« Xbo(1P) -+ Xbo(2P)
| %1.0 T
g — ° ° ° ° o é ¢ *
s ;
= O'Sf i . R . . R s R s
0.0 7
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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)




Comparison of different Meson Operators

0,030+t |
0.02} ~ Y(1S)

0.01. l }
0.00"

ML (GeV)

_om“HHII
|

0080 04 0z 05 04 05 06 .

Blue circles: optimized operators

Black triangles: extended operators with Gaussian smearing



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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Bottomonium Bethe-Salpeter amplitude at T=0

C*g(f) = Z<qu(7, X)OQ(O, 0)), qu(T, X) = XT<7', x)IY(r,x+ 1))

X

Cr(r) = (005, (0) ) (n]0a (0)[0) e P77 |y 00, ~ {00 (0) )™ o7

¢ (r)- Bethe-Salpeter amplitude

mp = 5.52 £ 0.33 GeV

r [fm]



Bottomonium Bethe-Salpeter amplitude at T>0
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Summary

Point meson correlators have poor projection with bottomonium states
and are not sensitive to thermal effects

Correlators of extended operators (or combinations of extended operators)
have good projection to bottomonium states and show significant thermal
modifications, which can be understood as thermal widths

Using a simple Ansatz for the spectral function we extracted the thermal
width of YT(1S), T(2S), T(3S), xp1(1P) and xp2(2P) states and found
that the value of the thermal width follows the hierarchy of the bottomium
sizes, as expected

No significant thermal modification of bottomonium masses have been
found in contrast with the expectations based on potential models with
screened potential

The lattice study of Bethe-Salpeter amplitudes confirms the potential
model description of bottomonium at 7' = 0, but does not support the
potential picture with screened potential at high temperatures.



