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a1(1260) and b1(1235)
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Calculation of masses and decay widths from S-wave scattering phase

Previous work: My, from 3-pt function by UKQCD PRD65:094605(2006)
NoO previous calculation of [q,



Calculation of mass and decay width
a1 — wp in S-wave (I = 0)

Scattering phase shift §(p) of n(p)p(—p)
d(p) =m/2 @ /s =mg, =m'®
maximum of scattering cross section o« sin?§(p)
s = (Ex(p) + Eox(p)2, Exr(p) = \/m3; + p?

The Breit-Wigner parametrization
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S 9aqpm
1) Ihs = 0 — mqq, 2) slope of s = gajpr, 3) ag @ /s = mz +m,
1/ap = pcotié|, .o
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Calculation of scattering phase shift

Luscher’s finite volume formula
VT p L
— 1 1
tan o(p) = N2\ with Zoo(k;¢?) =Y -
2 Zoo (13 (B2) 7 VAT (72— g2)

p from two-particle energy, e.9.) Exp, = \/m72r +p2 + \/mg T2

Evaluation of two-particle energy
Correlation function matrix with several operators

1
Cji(t) = Ny Z(OT( + )| Ot ZZJnZln ot
L
Generalized eigenvalue problem
C(t)vn(t) = M (t) Clto) va(t) , Ap(t) = e Enlt—to)



Operators for correlation function matrix

ay I(JPY) =1(17T) b1 I(JPC) = 1(117)
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p and w are stable? in a; — pm and by — wm
Consider only center-of-mass frame c.f.) a1 — p(p)7(—p)

My m,a mM,a

2 and ~ 3
0.1673(16) 0.5107(40) 0.514(15) Mo = S e mw266l\/|ev
maqa —

p — mrw in P-wave (I = 1) — prohibited #(0)w(0) decay

La =16 (L ~ 2fm) — lowest piow = 27/La = 0.3927

mp < 2Ez(piow) — p(p = 0) is stable

However, E,(piow) ~ mr + Ex(Diow) — p(Piow) Might decay

PRD:84:054503(2011)
Higher states than p(piow)7™(—piow) are not considered

w — wrmw in P-wave (I = 1) — prohibited 7(0)n(0)w(0) decay
mw < 2E7(piow) + mr — w(p = 0) is stable

Higher states than w(pow)7™(—plow) are not considered



Result of effective energy
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Figure 1. Effective energies E¢a in the a; and b; channels, that correspond to the energy levels
F,a in the plateau region. The horizontal lines indicate the my 4+ m, threshold and the energy of
a non-interacting V' (1)mw(—1) state, where V =p for a; and V =w for b;. We compare the results
when OV™ is included in or excluded from the interpolator basis.
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Result of by

PN/ PN
b,:0",0

. fit 2 E=\/s o pcot(d)
n to interp. 157 Ea GV pa J [°] —7

1 3 0§%,,097 411 012 0.694(19) 1.105(31) 0.057(45) —3.0(6.3) —1.6(2.2)
2 2 Of%,0“7 310 0.049 0.890(17) 1.418(27) 0.264(13) 93.5(7.5) —0.018(38)

E{ ~my + mg NOt good result

res 2 exp \2 pCOt5 21/ +0
mbl = E2 + (gblwﬂ') \/g = 1414(36)(—83) GeV .

~ F> = 1.418(27)GeV due to § ~ /2
9pwr = 0.787(25)GeV




Summary

Calculation at m,; = 266MeV on L ~ 2fm

resonance a1(1260) b1(1235)
quantity mes Jarpr ar’, my”° Gbywr
[GeV] [GeV] [fm] [GeV] [GeV]
lat 1.435(53)(1%,)  1.71(39)  0.62(28) | 1.414(36)(19;)  input
exp | 1.230(40) 1.35(30) : 1.2205(32) 0.787(25)

First calculations for mq,; and mMp, with two-particle states

Possible systematic errors
1. Small volume
2. Effects of p and w decays
3. Chiral extrapolation to physical mx
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