Calculation of p meson decay width
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We present results of p meson decay width
evaluated from SC. phase shift for /=1 two-pion system
with PACS-CS configurations generated at

Nf=2+1 ,Imp. Wilson
a=0.091fm, L=291im
m. = 410 MeV

We use NEW Op. to reduce the computational cost.



1. Introduction

Previous works of p meson decay
1) From transition amp.

Ol (rm)(Hp(0)0) ~ [ 1 + (xrlp) -t + O(t2) | x &=

~ calc. of WME.

= T =|(rxlp)|® - L*kE/(247) = g2,/ (67) - K/ E7

1) S. Gottlieb, P.B. Mackenzie, H.B. Thacker, D. Weingarten pL134B(84)346.
Quench, m,/m, = 0.84 —0.91

2) R.D. Loft, T.A. DeGrand PRD9(1989)2692.
Quench, m,/m,=10.9

3) C. McNeile, C. Michae + UKQCD PLB556(2003)177.
Ny =2, my/m,=0.578"1 Jpmn = 6.7772%

4) K. Jansen, C. McNeile, C. Michael, C. Urbach (ETMC ) PRD80(2009)054510.
Nf = 2 ] mw/mp = 0.336 — 0.534 Gorm = 52(13)

Problem : (rm|p) at /s Whereis /s 7 :ambiguous
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2) From SC. phase exp.

Gorn = 9.98(2)

Energy on lat. — tand — gprn, ;

2
- . . . gp7r7r p
by finite size formula I'= —5 = 149.1(8) MeV

2
o7 ms

1) CP-PACS  PRD76(07)094506.
Ny=2,a=021fm, L=25fm, m; =330 MeV Gpmr = 6.25(67)
Imp.Wilson , Moving frame with p=e3 - (27/L)

2) M. Gockeler, R. Horsley, Y. Nakamura et.al. ( QCDSF ) arXiv:0810.5337 (Lat08)
Ny=2, a=0.072—0.084 fm , m, = 240 — 810 MeV

wr = 53172
Imp.Wilson , CM. frame Ip ~1.5

3) X. Feng, K. Jansen, D.B. Renner (ETMC ) arXiv:0910.4871 (Lat09)
Ny=2,a=008fm, L =211fm, my, =391 MeV
tmQCD, CM and Moving frame with p=e3- (27/L)

Gprn = 6.16(48)

4) X. Feng, L. Jansen, D.B. Renner ( ETMC ) Just previous talk

5) J. Frison Talk on 18(Fri.) 17:40 at Room1
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This work : from SC. phase shift

Gauge cont. :
N;=2+1 , Imp. Wilson
B=19, 32° x64, K,q=0.13754 , K, = 0.13640

a=0.091fm, L =29 tm
generated by PACS-CS caol.

my = 410 MeV PRD79(2009)034503.
Calc. points :
tot. mom. state [ \/g/mp] ( without interaction )
p r ground 1st Ex. refered by
(0,0,0) T, ,01,2,3(0, 0,0)[1]| =(0,0,1)7(0,0,—1)[1.3] T1(p(0))
CM. F.
(0,0,1) E~ p1.2(0,0,1) [1] 7(0,1,1)7w(0,—1,0)[1.4] E(pr(p))
Moving F.
(070_7 1) A2_ 103(0707 1) [1] 7T(07O7O) 7‘-(0707 1) [1°02] A2(p3(p)777(0)77(p))
Moving F ( by using variational method ) (p=1(0,0,1))

All calculations are carried out with PACS-CS in U. Tsukuba.
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2. Method

. . " . M. Luscher, NPB354(1991)531.
Flnlte SIZE fOrmUIa ] K.Rummainnen and S.Gottlib, NPB450(1995)397.

for Tl(p(lg)) VE? —p2=/s=2/m2 +k2 |
o) Z00(q;0) g = kL/(2n)

for E(pr(p))

I 1 1

for As(ps(p), m(0)7(p))

k 2 1
— Z00(@: D) + —= = Zoo (g
tan 5(]€) OO(Q7 p) + \/5 q2 20(Q7 p)

Zim(@:P) = 2/(YLV/T) - Y V() - (r® = ¢*) 7

: spherical zeta function
D(p)={rlr=49"'(n+p/2), ne€Z’}
v = FE/+/s : Lorentz bost factor

)
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Op. for Ax(ps(p), 7(0)7(p) )

Energies are extracted by variational method.

For T1(p(0)) and E(pr(p))
energies are extracted from time correlation function of p meson
as usual calculations of hadron masses.

Source op. :

01(t) = —= (7 (0.t 7t (p.ts) — 77 (0.1) 7 (p.ty) )

m(p,ts) : constructed with U(1) noise

()

Os(ty) = Z 7( U(z,t,)7; Ulz,ts) — D(z,1)7; D(z,t,) ) - P

( : smearing OP. for p meson with p ) ( on Coulomb gauge )

= Zu(z +x,ts5) - F(x) ( : smearing quark )
F(x)=A-e 8% smering function

I' = {Z‘L/QX(’nl,TLQ,TQ) (O or 1)}
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(0101 (1) ~ (07 (0)|7(0))(w(0)|x(p)| E)(E| x et  _for t1 >>1
|E)) : energy eigenstate (~ |nm; E) )

( : same t dependence as usual Heisenberg op. )
02(t) = 3 5 (o6t ux 1) = dx,1)3d(x,1) ) P

Variational method

2 X 2 correlation matrix : with
Gij(t) = (0] O} () O;(t,) [0) ( sink 1 Os(t)

source : O1(t),

Assuming 2 state dominant,
Bv[G(tr) T G()] = { M(t) = e P No(t) =Pt |

for t1 >t >t

with fixed tl
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Calc. of G(t) of Ax(ps(p), n(0)7(p))

Diagrams :

Gmr—nwr(t) —
<—If1 (ﬁX)
............................. \\ <t (run)
O —I— — A Y Y A
< > < > <ts (fix)
Gp—>7T7T (t) — G?WT—w(t) —
0 o - tl (ﬁX) —p ................... < (I‘UH)
v < ¢ (tun) /\ _ /\
<ts (fix) 0 " p ) .
p
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Y g (y) =4 (x—y)
(2) I=1 for Np — o0
““““ fix X, t ( Nr =10 ( in present work ) )
O ‘ X P run
cé) \;t
g <o run T
N A (3)
%3_ m R f|X
o | | o P > Tr[ R(x.t:0,t,)
0 source in 2nd QP. y B (X’ t: 0, ts) ]
— Z D_l(X7t7Y7tS) — Z D_l(X,t,y,ts) e—ip-x
S —— Y g
QW 150, L) 5T PYQ(y, 1430, t,)
= R(X7t707ts) — B(X,t,O,tS)
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0 —Pp 0 —P
t (run) = > —> X
‘JI J— A v
1 :
ts (fix) = o < b > m | # of Red type of QP. ]
x | # of time slice : T' |
=!
This work T Op. : 7T(O, tl)W(P, t) Computational cost
e e e IS reduced by T.
. 0 0
A (ﬁX) > I\
i —~ —p
E t (I-un) o> e \.P ......................
: — A
' ﬁ\ \JI Y
Us (ﬁx) > 0 < D Em



3. Results
1) Results of Az (p3(p), 7(0)7(p) )

1012 rrrr|rr+r|rrr|rr 1o rr1r |11t [ 11T 11 ® R67T7T—>7T7T]

1010:0 : o Imp—>7-(-7-‘-]

108_ oooo. - () _Im[ﬂ'ﬂ'—>p]

106“'.“"-.., ..'°.. 7 o Re[ﬂ—>ﬂ]

1041::.::::’0. ....°0. ....°o. :

102: ’.'o.::°0....00.... ooo:o FromCPandPSym
L .0...:..... 0...._ ,0—>7T7Tand7T7T—>p

100 - .00....000_0 pure |mag|nary
_t3:12 o..._.

2
10 :‘l' t1:42‘1': mm — m and p — p
104 bt v e . real




Eigenvalue \(t) =Ev[G(tg) ' G(t)] (tgr =23)

At) /(7 (0,t)w(0,t5) )/ (m(p,t) m(p, Ls) )

—AFE-1

~ e e ground state

16 i | | | | | | | |

- . AE = —0.0191(27)
1.4 1 ] E = 0.4413(36)

®

] * | Vs = 0.3952(40)
12 [ ° : H -

i ' 1

F, : et : tan (k) = +0.0042(47)
1 O — ¢ : e : ® ‘—

I ‘el °e, | |- attractive

- ¢ ¢ + + + + * ° -
0.8 | ! 1 e 1stEx. state
e § 1o ] AE = 0.0150(42)
| -_‘1'8_ fitting range - 42‘1' . E = 0.4755(44)

B < > — _
0_4_.|...|...|...|...|...|...|...|... \/EZ 0'4330(48)

12 16 20 24 28 32 36 40 44
t tand(k) = — 0.165(50)
repulsive
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2) Results of Ti(p(0)) and E(pr(p))

Effective mass o T, (p(0))
0-55_'I"'I'"I"'I"'I"'I"
_ _ E = 0.4122(84)
050 [ R Vs = 0.4122(84)
_ .."+.++++H : tand(k) = —0.74(24)
0.45 - - |
- e e + Te - repulsive
! .’¢++¢¢+++++* ¢ ]
0.40 - * go.‘ | ] O E(pT(p))
035 [ 1. — 19 1 E = 0.4560(65)
i fitting range ] Vs = 0.4115(72)
o P >
030 -u IR T TN NN TN TN TN AN TN TN TN NN TN WO TN NN TN TN WO AN WO NN N N |- —
12 16 20 24 28 32 36 40 44 s o) 0.65(18)
t repulsive



0.02 ——

0.01 |
0.00 |

.0.01 |

.0.02 |
M7,
- —.—
-0.03 | 1 1 | I 1 1 1 I | 1 1 (] I (] (] [ (] I (] (] (] ] I (] (] (] (]
0.14 0.15 0.16 0.17 0.18 0.19 0.20
2
(V)
exp. :

Gporn = 9.98(2)
I = 149.1(8) MeV

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

- finite size formula

. fitting line
kS
tan o(k) [Vs
O
- 5 (Mé - (\/5)2)
gp7r7r
for \/g S MR

Gprn = 0.24(51)
Mp = 0.4064(46)

2 3
I = gP7T7T kP

— 2
o7 ms

— 113(22) MeV




Summary

We calculate SC. phase shift for /=1 two-pion system

and evaluate prmr coupling constant
with PACS-CS configurations generated at

Ny=2+1 | Imp. Wilson
a=0.091fm, L =291fm

m. = 410 MeV
Our results :
exp. :
Jprr = 5.24(51) Jomr = 5.98(2)
Mg = 0.4064(46) ['=149.1(8) MeV
92 ]{3 _
r — Zerm Mp : slightly smaller than exp.
67 mg _
possible reason :

= 113(22) MeV
(22) Me (1) mass dependence

(2) O( a2) error

. Future improvement




Trlal CaICS : 1 1 1 I 1 1 1 i 1 1 1 I 1 1 1 I 1 1 1 p
. 03(0,0,2)
Ny=2+1 ,Imp. Wilson C Y @ r0o0or00y  40.0.2)
=19, 323 x 64 - ST 1(1,1,1)
0 =0.091 fm , L =2.9 fm .- = 1(0,1,1)
My = 300 MeV - ; - 1(0,0,1)
generated by PACS-CS col. B - . (()7 (), ())
PRD79(2009)0345083. 11 l | |
N N Q Q © N
~— — ~— o o (@)
Results of #c. = 92 vs/m,
( 70 day by 1.4Tf machine )
G(t) (ty =12, t; = 42) Toset s~ m,
10" —— o e 0 o e o e e
0o . emmomr emmop A for m, — 0
102.,‘-' .. e p—TT @ p—op 7
el i p — larger
135;%“5’.% i Stat. Error. — large
10*f “eqg 1 i . _
10 " 1‘1;“%1 Tmt t . We have to improve method
1071~ ®e ree 4452 . .
o' F: r:; L for r with high momentum.
10°F b
1L Tesh i
et T TT*H\
104_.. | | | | | I I S I B
8 12 16 20 24 28 32 36 40 44 48 025 T 55074 28 32 36 40 44 a8
t t



