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FASTSUM Approach:
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FASTSUM Approach:

| attice Parameters

(. [am] ( Generation 2L
Gen2P / Gen2L Gen2 (2+1) flavour '
o2 X X 760 MeV 2 ~0.112fm |
O
=
16 O
Q P
- T. ~ 167 MeV Ga.uge Agtlon.
o Anisotropic,
™ Symanzik-improved
0 —_—t > M _[Mev] ’

140 239 384 47 MeV Fermion Action:

Wilson-clover,
tree-level tadpole,
stout-smeared links



Overview

FASTSUM approach

- Open Charm Mesons

Charm Baryons
Interquark potential in bottomonium

Spectral Functions



T

0

Charmed Mesons: D, and D

Sergio Chaves

® Not studied at T = O before (on lattice)
(Open Charm)
® Confined phase:
G(7) ~ cosh(—M(z — 1/2T))
® Periodic for all T:

G(1/T—-1) = G(7)

JY | PDG [MeV| | M [MeV]

D | pseudoscalar | 0~ | 1869.65(5) | 1876(4)
D* | vector 1~ | 2010.26(5) | 2001(4)
D} | scalar 0" | 2300(19) | 2222(10)
D, | axial-vector | 11 | 2420.8(5) | 2325(43)

D, | pseudoscalar | 0~ | 1968.34(7) | 1972(5)
D¥ | vector 1— | 2112.2(4) 2092(4)
D7, | scalar 0" | 2317.8(5) | 2115(29)
D, | axial-vector | 17 | 2459.5(6) 2512(6)
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1e-06

1e-06

1e-09

arXiv: 2209.14681




Studying Thermal Effects

We use a 2-step procedure

Kernel
Kernel Spectrum Spectrum +

Dominant behaviour is ground state ¥ ‘ +

- cosh[M(T,)(z — 1/2T)]
Use model for this G (T, Ty) = Z——
(confined phase): sinh[M(7)/2T |

G(z; T) This is a constant as (r - )

Divide correlation f'n by model R(z; T, Ty) = if ground state has mass M(T})

Gmodel(T; Ta TO)

R(z; T, 1) This is a unity (as r - o) when T and T,
R(z; T,, Tp) have same ground state mass M(T)

Can now compare 2 temps RoR(7; T, T,)) =
by taking ratio-of-ratios:
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D and D(z’f) masses
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- ’ * S e Ratio-of-ratio shows no temperature dependenceup to 7'~ 127 MeV
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Parity in the Baryonic Spectrum

Ryan Bignell
NO parlty dOUb‘Iﬂg Iﬂ (T:O) Nature PRD 92 (2015) 014503 [arX|v:1502.03603]
JHEP 06 (2017) 034 [arXiv:1703.09246]
o B B Phys.Rev. D99 (2019) no.7, 074503 [arXiv:1812.07393]

Ve par|ty. . = my = 0939 GeV Eur.Phys.J.A 60 (2024) 3, 59 [arXiv: 2308.12207]

-ve parity:  m_ = my. = 1.535 GeV
Question: \What happens as T increases? VE iy umVC
Lattice: Parity operation: PO(z,X)P~! = y,0(z, — X) }f
» Use this to construct correlation f'ns
Charge conjugation G () =—-G.(1/T-7)
(zero density): } G.(t) = G,(1/T - 7) .
Chiral symmetry: G, (7)) = — G_(7) -—

L =1/T



Results — “Reconstructed” Correlators

© d —oT

0
G(t;T) = [ o Ki(t,0;T)p(®w)  where the fermonic kernel is: K (z,w;T) =

1 4+ e-@/t

Following: H. T. Ding et al, Phys. Rev. D 86 (2012) 014509, [arXiv:1204.4945]

m—1
we write 1 4+ e~ @"Ne = (1 + ¢~y Z (—1)*e~"@N.  where N,=mN, and m is odd
n=0

—w(7+nN,)

e—a)z' m—l i e m—l .
Ki(r, 3 1IN) = ——— = D (=D 1 = Y (=1)"Ku(z + nN,, w; 1/(mN,))
n=0 n=0

4 ¢—0mN;

m—1

Suppose p(w) was indept of T:  Gyreclz; 1/N; 1/N,) = Z (—1D)" G(zr +nN_; 1/N,)
n=0



Results

+ve parity
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+ve parity sector less thermally sensitive than -ve parity
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Parity doubling In the correlators

boee R e . | R(z) = G, (r)— G (1/T —17)
::::\::::\\ T G, (1) + G (1/T - 1)
~~~‘\‘:\\.\\ \\‘\ ! Y3 _
R R ‘ .
Sl \ Parity doubling:
b\h Ny Qec(ces) ¢ y 9
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INnterquark Potential In a Meson

Correlation F'n Considered, C(7;7r):

Schrodinger Equation:

OT

VZ

2

Source Sink

X+r7
‘/»/‘ (x,7;T)

H|y) = E|y)

+ V(r)) w(r) = E y(r)

2u

| V(r)) C(r;r) = E C(t;1)

f

Output
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|_inear Regression Method

+ V(r)) C(r;r) = E C(t;r) —>
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Tim Burns

l.e. It’s linear:

T =235 MeV

oC(F, 0 1

C(F,1) 2u CF, 0

y(7, 1)

V2C(7, 1) Ve

m(r) x(r,t) + c(r)

S
-
T T

[
-
|

[
(\®)
|

1 [fm]
e (0.274
e ().388

V°C/C [GeV’]

10



Effective Mass & Potential in (NRQCD) Bottomonium
Tom Spriggs

) o (Preliminary)
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Studying Thermal Eftects via Spectral Functions

Correlation Function’s Spectral Representation:

o0 g Kernel:
G(t; T) = — K(t,w; T T
= 1) Jo 21 mo; 1) ple; 1) K( .T)_cosh[a)(f—1/2T)]
f \ S T (@l 2T)
Spectral _ I
TWo sources of Kernel Spectral F'n: i
Thermal Effects: (2e0mety/ e p(w; T)

Periodicity) (Physics)

.

11 12 13 14 15




Many Approaches to Extract Spectral Information

1. Exponential (Conventional %) f'’ns) . T N% 50; b) CMS, PbPb,\s = 2.76 TeV
| N | Maximum Likelihood 8 | s 4 GVl 1 <24
2. Gaussian Ground State (+ 0 f'n excited) T s s ptpuniihl
: ; g 305_ e lineshape
3. Moments of Correlation F'ns Direct Method - “no” fit & | | T A
4. Maximum Entropy Method e h BT T
5 BR Method } ayesian Approaches o
6. Kernel Ridge Regression Machine Learning 60 | | ;
N MEM -
/. Backus Gilbert Ben Page 10 | _
g | } from Geophysics
i Antonio Smecca 0 -
9. HMR 20 L ” _
10 | l A -
0 1 | | 1/\




summary

FASTSUM approach
* anisotropic
Open Charm Mesons

. D, and Dg‘;) have no T dependency below 127 MeV

e Scalar and axial vector channels have strong thermal effects
Charm Baryons

e +Vve parity less I dependent than -ve

e Signs of approx parity doubling
Interquark potential in bottomonium

e [hermal effects seen
Spectral Functions

e Work in progress!
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Generation 2L

ar [am] | a;' [GeV] | £ =as/a, | a, [fm] | m, [MeV] | T3 [MeV]
2.46(7) | 6.079(13) | 3.453(6) | 0.1121(3) | 239(1) | 167(2)(1)
Generation 2L, 32° x N,
N, 128 64 5]¢ 48 40 36 32 28 24 20
T MeV] | 47 | 95 | 109 | 127 | 152 | 169 | 190 | 217 | 253 | 304
N gy 1024 | 1041 | 1042 | 1123 | 1102 | 1119 | 1090 | 1031 | 1016 | 1030
Tc~ 167 MeV

al=6.079(13) GeV from HadSpec calculation of Q baryon,
Rev. Lett. 123 (2019)

D. J. Wilson, et al., Phys.




