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The two-point correlation function 
decays exponentially at large separation of time
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Analysis  (Extraction of Mass)Analysis  (Extraction of Mass)
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Correlator
decays 
exponentially

How to extract How to extract mm22 mm33…… : : excited statesexcited states..
Non linear fitting.Non linear fitting.

Need help with statistics.Need help with statistics.

Sequential Bayesian Method.Sequential Bayesian Method.
…….hep.hep--lat/0405001lat/0405001

mm11

mm11, , mm22

vtGttvtG )(),( )( 00λ=

Alternative approach : Alternative approach : 
Solving generalized Solving generalized 
cross cross correlatorcorrelator eigenvalueeigenvalue problemproblem
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Exact  Exact  chiralchiral symmetrysymmetry at finite lattice spacing.at finite lattice spacing.

NoNo O O ((aa)) errors.errors.
O O ((aa22)) andand O O ((mm22aa22)) errors are small (found errors are small (found 
numerically).numerically).
MultiMulti--mass algorithm can be used.mass algorithm can be used.
Numerically very intensive (~100 times of Wilson Numerically very intensive (~100 times of Wilson 
fermionfermion to invert).to invert).

Overlap Fermions

ParametersParameters 16163 3 x x 2828 20203 3 X 32X 32

LatticeLattice
spacingspacing

0.2 0.2 fmfm 0.175 0.175 fmfm

ConfigurationsConfigurations 300300 110110
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Ground state Octet BaryonsGround state Octet Baryons
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GellGell--Mann Okubo RelationMann Okubo Relation
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Roper is seen on the lattice at the right mass with three quark
interpolation field …..Mathur et.al. Phys. Phys. LettLett. B605, 137 (2005). B605, 137 (2005)
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domain
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What about Hyperons? What about Hyperons? 
The The ΛΛ(1405)?(1405)?

……different different 
story!!story!!
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Hyperfine Interaction of quarks in  BaryonsHyperfine Interaction of quarks in  Baryons
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Our lattice results suggest this interaction dominates Our lattice results suggest this interaction dominates 
at higher quark mass (at higher quark mass (above 400 above 400 MeVMeV pionpion massmass))

21
21 .. σσλλ rr
cc

ColorColor--Spin Interaction Spin Interaction 
Excited positive > Negative Excited positive > Negative 

Our results suggest this interaction may dominate Our results suggest this interaction may dominate 
at lower quark mass (at lower quark mass (below 400below 400--300 300 MeVMeV pionpion massmass))

……PRD59, 112001 (1999)PRD59, 112001 (1999)

Glozman & Riska
Phys. Rep.  268,263 (1996)

21
21 .. σσλλ rr
FF FlavorFlavor--Spin interaction Spin interaction 

ChiralChiral symmetry plays major rolesymmetry plays major role
Negative > Excited positiveNegative > Excited positive
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Octet Octet ΞΞ BaryonsBaryons

Parity cross over Parity cross over in in chiralchiral domain?domain?
Roper like state?Roper like state?
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DecupletDecuplet ΞΞ BaryonsBaryons
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The The ηη′′ ghost in quenched QCDghost in quenched QCD
Quenched QCDFull QCD

(hairpin)

… ....

•• It becomes a light degree of freedomIt becomes a light degree of freedom
–– with a mass degenerate with the with a mass degenerate with the pionpion mass.mass.

•• It is present in all It is present in all hadronhadron correlatorscorrelators G(tG(t).).
•• It gives a negative contribution to It gives a negative contribution to G(tG(t). ). 

–– It is unphysical (thus the name ghost).It is unphysical (thus the name ghost).

W > 0

W<0

mtWetG −=)(

mtetEWtG −+= )1()( π
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Is aIs a00 (1450) (0(1450) (0++++) a two quark state?) a two quark state?
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Ground state : Ground state : πηπη′′ ghost state,ghost state, Excited state :Excited state : aa00

CorrelationCorrelation
functionfunction
for for 
Scalar Scalar 
channelchannel
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Ghost States in Ghost States in ΞΞ SpectrumSpectrum

ParticleParticle Ghost StateGhost State PresencePresence

ΞΞ**(?)(?)

1/21/2++
PP--wavewave ΞΞηη′′ 11stst or 2or 2ndnd excited stateexcited state

ΞΞ((1/21/2++)), , ΞηΞη′′,,ΞΞ*..*..

ΞΞ**(?)(?)

1/21/2--
SS--wavewave ΞΞηη′′ Ground stateGround state

ΞΞηη′′,,ΞΞ((1/21/2--)..)..

ΞΞ(1820)(1820)
3/23/2--

SS--wavewave ΞΞηη′′
(1530 +140 < 1820)(1530 +140 < 1820)

Ground stateGround state

ΞΞηη′′,,ΞΞ((3/23/2--)..)..

ΞΞ**(1950?)(1950?)
3/23/2++

PP--wavewave ΞΞηη′′ 11stst or 2or 2ndnd excited stateexcited state
ΞΞ((3/23/2++)),,ΞηΞη′′,,ΞΞ* ..* ..
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ConclusionsConclusions
There are lattice signals for the There are lattice signals for the 1/21/2-- ground and ground and 1/21/2++ excited excited 
states.states.

For octetFor octet ΞΞ states, our preliminary lattice resultsstates, our preliminary lattice results
suggest a possible parity crosssuggest a possible parity cross--over and theover and the
presence of a 1/2presence of a 1/2++ excited state similar to the nucleon excited state similar to the nucleon 
channel.channel.

((ΞΞ(1690)(1690) 1/21/2+ + ?)?)

Possibly there is an excited Possibly there is an excited 3/23/2++ state around 1.9state around 1.9--2.0 2.0 GeVGeV..

One needs to consider the presence of unphysicalOne needs to consider the presence of unphysical
ghost states while analyzing quenched latticeghost states while analyzing quenched latticeΞΞ--sspectrum pectrum 
in low quark mass region.in low quark mass region.
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Interpolating FieldsInterpolating Fields
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Quenched ArtifactsQuenched Artifacts
ChiralChiral llogog in in mmππ
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Overlap Overlap FermionFermion

Overlap Overlap fermionfermion (Neuberger, 1998)(Neuberger, 1998)
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Ghost States in Ghost States in HadronHadron SpectrumSpectrum
ParticleParticle Ghost StateGhost State PresencePresence

aa0 0 (1450) (1450) 

00++++

SS--wavewave πηπη′′

2m2mππ< 1450< 1450

Ground stateGround state

πηπη′′,,aa00 ....

11--+ + (1600?)(1600?) SS--wavewave aa1 1 ηη′′
(1230 +140 < 1600)(1230 +140 < 1600)

Ground stateGround state

aa1 1 ηη′′,1,1-- ++....

N*(1440)N*(1440)
1/21/2++

PP--wavewave NNηη′′ 11stst or 2or 2ndnd excited stateexcited state

N,N, NNηη′′,,N* N* ……

N*(1535)N*(1535)
1/21/2--

SS--wavewave NNηη′′

(940 +140 < 1535)(940 +140 < 1535)
Ground stateGround state
NNηη′′,,N* . . .N* . . .

?         *22
N

22
NLL mpmpm <+++π
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Expected features:Expected features:

٭٭ Numerically intensive Numerically intensive (~100 times of Wilson (~100 times of Wilson fermionfermion to invert)to invert)
ZolotarevZolotarev approximation of matrix sign function (< 10approximation of matrix sign function (< 10--99 accurancyaccurancy))

٭٭ No No O O ((aa)) errorserrors (no dimension 5 (no dimension 5 chirallychirally symmetric action)symmetric action)

٭٭ No additive quark mass renormalizationNo additive quark mass renormalization

٭٭ No exceptional configurationNo exceptional configuration ((eigenvalueseigenvalues on a circle)on a circle)

٭٭ Well defined topology both globally and locallyWell defined topology both globally and locally

٭٭ No mixing of operators in different No mixing of operators in different chiralchiral sectorssectors

Unexpected desirable features:Unexpected desirable features:
O O ((aa22)) error are smallerror are small ((ππ and and ρρ masses on 3 lattices).masses on 3 lattices).

O O ((mm22aa22)) errors are smallerrors are small (dispersion relation, renormalization (dispersion relation, renormalization 
constants). This justifies its application on both heavy constants). This justifies its application on both heavy and light quarks.and light quarks.

Critical slowing down is gentle (mCritical slowing down is gentle (mππ ~160 ~160 MeVMeV).).

Topological charge density void of large ultraTopological charge density void of large ultra--violet fluctuationviolet fluctuation
(overlap operator is exponentially local)(overlap operator is exponentially local)

Overlap Fermions
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