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[ two-point functions & the energy spectrum ]
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r two-point functions & the energy spectrum ]

relation to the spectrum : ] [complete set of QCD eigenstates*® ]
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/
— E er]; Z}; e Ent [in principle - contribution from all states with the right g.n’s ]
n

fitting a sum of exponentials is unstable
- noisy data
- possibly degenerate states

[* in a finite volume ]
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operator basis & variational solution ]

\

better - build a basis of operators, calculate a matrix of correlators ]

\

(0]0102]0)
(0]020-0)

(0/010110)
(0]0201/0)

eigenvalues — energies

[diagonalising this matrix gives the optimal linear combination of operators for each state ] [

eigenvectors > Z

[optimal combinations are orthogonal - deals with degenerate states ]

our operators - built out of covariant derivatives ]

\

ruse Clebsch-Gordans to build the desired q.n’s,e.g. ]~ — ] 1;57@0
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[ meson spectrum ] [NF=3(S,$,S) My~ 700 MeV]
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[ reducing the quark mass ]
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[ reducing the quark mass ]
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[ 1 vector mesons]
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[ reducing the quark mass ]
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[ exotics - world summary ]
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[ exotics - world summary ]
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[ isoscalar mesons ]

[interesting observations in experiment : ]

n, n’ mixed very close to octet (J; (ua + dd - 2s5) ), singlet (s (ua + dd + s5)) ]

\

7

w, ¢ mixed according to quark mass, J;(uu+dd) , g3 ]

\

fo sector overpopulated ? glueballs ? ]

\

[GIueX relevant - how are the exotics flavour mixed ? ]

[time for QCD to say something about this ]
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[ isoscalars ] Qtot

~

D these‘annihilation’ propagators

Qt o traditionally difficult to compute
J

D

[Iight—strange ( ¢s ) basis ] ()35 CS:O
O; = —5 (al'u + dTd) -
O = 3T's O:> <:O

[SU(3)FsingIet—octet basis] ():S} @
Of = J (alu + dT'd + 5Ts) .
O = — (uTu + dl'd — 25T's) IDAEY
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R

Qypically <10 time-sources (to) j

—1
Qto to

0

[Iots of matrix inversions - turns out GPUs are ideal for this ]

need all time-sources, i.e. for us 128]

Ne=2+1 (u,ds)
[JLab group have computed all time-sources on a single lattice : ] My ~ 400 MeV
163x128

\ J
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[ pseudoscalar isoscalars ]

a+mn
[SU(3)F singlet-octet basis ] -
Of = —= (ul'u + dT'd — 25T's) |
\/5 0.4
O = 7 (uI‘u 4 dTd + SI‘S)
[no glueball operators as yet - straightforward to add these ] I
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[almost diagonal in the SU(3)r singlet-octet basis ]
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[ pseudoscalar isoscalars ]

a+mn
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[ vector isoscalars ]

[Iight-strange (/s ) basis ]
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[ vector isoscalars ] atm

[Iight—strange (/g ) basis ]
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almost diagonal in the £s basis ]
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[ vector isoscalars ] atm

[Iight—strange (/g ) basis ]
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[ tensor isoscalars ] “fy”

[just look at the two lowest states initially ]

[Ilght strange ( /s ) ba5|s

|I||II||. |I-|||||I|
‘f2> = COS a‘ﬁ@ -+ sinoz‘s§>

[ domlnantly] [ dommantly] ‘ fé> — —sin a‘é@ + Ccos « ‘ s§>
light strange

assume these two states are admixtures of light and strange
| e. neglect any glueball component)

*unnormalised

m(f2) = .2596(31)a; la| ~10°)
m(f5) = .2807(9)a; " 97% , 3%
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[ exotics - ho ] 0"~
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[ exotics - h; ] 2+ =

[Iight—strange (/g ) basis ]
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[ exotics - N ] 1~

Ilght strange ( /s ) ba5|s

II“'MMIIHJ[I Illh!luﬂlﬂ‘hl

[neither flavour-mixed nor SU(3) mixed ! ]

Jaf ~24°)
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[ summary ]

7

possible now to compute a spectrum of isoscalar mesons ] [very computationally intensive - use GPUs ]

\

7

computation on a single lattice - 400 MeV pions, 2.03 fm3 volume ]

\

g

pseudoscalars = n ~ 8, n'~ 1 & similar excited states ]

\

vectors = w(light), d(strange) & similar excited states ]

tensors — fo(mostly light), f2'(mostly strange) with small mixing angle ]

\

7

even parity exotics mixed as light, strange ]

\

7

1——|—

non-ideal admixture of light, strange ]

\
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