Interaction studies of a heavy-light
meson-baryon system

Search for K—A like molecules?

Merritt S Cook and HRF, LHPCollaboration

Motivation
Operators

Lattice simulation
Spectrum analysis
Current status

Assessment

@This material is based upon work supported by the National Science Foundation under Grant
No. 0300065 and upon resources provided by the Lattice Hadron Physics Collaboration LHPC
through the SciDac program of the US Department of Energy.



Motivation

O (1539)

N (1647)

> (1755)

=(1862)

5-quark(?) decouplet
[Daikonov, Petrov, 2004]
Ot ~ uudsd

mp = 1116MeV mpg = 494MeV
mg + ma = 1610MeV
PDG: N(1650) - KA 3-11%



Goal: effective hadron-hadron interaction
Strategy: heavy (static) quarks

r =relative distance
total energy F(r) = V(r) + const
= adiabatic potential V' (r)




Operators

standard local
K" (z) ~ 3vysu
Al (z) ~ €(Cvs)ual(ds — sd) 4 do(su — us) + 254 (ud — du)]

—

relative distance = r

Oal V‘1/2225~~_ - KT (2t) AL ()

spin index « belongs to baryon, so def

Ou(7;t) = OL(7; ) 14,00
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Use static limit k — 0 for H (hopping parameter expansion)

1
H(Zt, gto) = 6 Qm)t‘t0§(1+w4)w(f;tot)

7,7 |
UT(Ttot) = Ug(Zto) Us(Zto + 1) ... Us(Zt — 1)

H(gt, g—l— Ft)H(’Fl + gto, F1t0> X 5_, 5_» ~ equal time

S
H(y_’t,ﬁto)H(ﬂ + Sto, Yy + ’Ft) X 07 = 0z

—

e distance 7 = 0 is special, color O # KA possible, ignore
e write 7y = 7 + 7 then, for 7 # 0
C ~ 5,,:*7 ,,:*2 _,,:*1 <H(?71,’I71)H(772,772>
G(r1,™)|G(r1,71)G(T2, 72) — G(71,72)G(72, 1))
e may choose a fixed set of source sites
e note loss of ) . space-site sum — bad for statistics



o APE gauge field fuzzing U(z) — Uk} (2)

e WUP quark field smearing (z) — 1*}(z) for ¢ = u, d
gauge links U(x) used in H
spatial directions only
iteration k =1... K

=

correlator functions, built from operators

O=0[Up, 34 — 0o = ¢k Hikh
form K xX K matrix

C =S (OEF )OI (Ftg)) — () () k=1, K



Lattice simulation

e geometry: anisotropic and asymmetric

L1 X LoxLax Ls = 8x8x32x16
a1 = as = 2a3 = 2a4 (bare)
n=12
8
11 16 32 H=3



e gauge field action, anisotropic Wilson
couplings
a1a2a30a4

(apay)?

Buw =P used (= 6.2

e fermion action, anisotropic Wilson (light quarks)
hopping parameters

K
1 4 1
Guz Zuzl a,

multiple mass solver [Frommer et al, 1995]

used & = 0.140, 0.136, 0.132, 0.128

Ky =



Placement of sources

spatial sites 77 and 75 selected from xz = (5,5, n, 3) with
n=1,2342811,13,17
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Spectrum analysis

model for o (1)

I

f(plt to) = / dwp(w)e #710) 2y = p; gmwilt=to)

=1

e Bayesian inference: interpret p; as stochastic variables
given data ¢, maximize conditional pdf P(p + o)

e choose P according to MAXIMUM ENTROPY METHOD (MEM)

e find p; by simulated annealing (cooling)
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Spectral observables

for each peak ¢,

volume

Imass

width

E, = Zgl/ dwp(w)w
On

8 = 2" [ dwplw) @~ En)
On
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Setting the scale

K amr (alAz)  amyg o) ampy (aAp)

(aA

0.128 1.004 (0.104) 1.004 (0.102)  1.491 (0.075)
0.132 0.888 (0.115) 0.892 (0.114)  1.312 (0.079)
0.136  0.770 (0.112)  0.777 (0.119)  1.138 (0.083)
0.140 0.648 (0.113)  0.670 (0.130)  0.975 (0.093)

e extrapolate to am, = 0 with
y=amx == (amg)’ y=A+ Bx+ ClIn(l + x)
e match to reduced mass of p— N system

m,y = 425MeV  — @ =0.096fm a~' = 2056MeV
m, = 713(776)MeV
my = 1052(939)MeV
~ 8 —12%
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/home/starscream /users/fiebig/lqcd /k—lambda/spectra/B

a=0.09405fm
a '=2055.4MeV

X=nuc(0.51173)
mX:1O51.8MeV

X=vec(0.34671)
m = 712.6MeV
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Current status of K—A analysis

e Only 90 configs used

e No am, — 0 extrapolation done

e Available for k = 0.140 (lighest am.)

e svD-diag on all time slices (employ ¢ — 00)

e Plan is to use generalized svD-diag

ExpPeEcT RESULTS TO CHANGE!
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/home/starscream/users/fiebig/lqcd /k—lambda/spectra/B
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Adiabatic potential

e parameterized model, periodic extension

V(z) = exp(—a12?)[ag + asz® + oy’ r=r/a

X L—Xx

TS

1 16 32 H

Vi(z)=ag+V(z)+ V(L —2x), L=32

fit Vi(xz) to lattice data

e s-wave Schrodinger eqn (Volterra [eqn — Jost functions)
with V(r/a)a™! and myequced of K-A, D-A., B-Ay
scattering phase shifts dg(p)
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Assessment

e Unresolved issues
at gauge 90 configs results are not yet stable
implement generalized sSvD-diag at t1 2 {g

error analysis

e Hint at possible physics
resonant behaviour of K—-A at 50(4+50)MeV above threshold
may explain N(1650) as 5-quark K—A molecule
the c- and b-quark like systems may be bound

e RESULTS MAY CHANGE, EVEN QUALITATIVELY '
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