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Motivation:

e To perform an updated phenomenological analysis of various decay

processes using the two mixing angle description of the n-n’ system

e The analysis will serve us to check the validity of the two mixing

angle scheme and its improvement over the standard one angle
picture

e The analysis also tests the sensitivity to the mixing angle schemes:

octet-singlet basis vs. quark-flavour basis
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4 Notation &

The decay constants of the n-n’ system in the octet-singlet basis
fp (a=8,0; P =mn,n") are defined as

(O|AL|P(p)) = ifppy

where Ai’o are the octet and singlet axial-vector currents with

oM A5, = 2 (mydiysu + madivsd — 2ms3ivss)

(9#,42 — (myaiysu + mdczz'fy5d + meFivss) + % 3;;{5 Gzyéa’“” .

S Sl

The divergence of the matrix elements are then written as
2
(0]0" AL|P) = fpmp .
The decay constants are parameterized in terms of fg, fo and 6g, 0, as

fs f,(; fescosbfy — fosinb
5% )\ fssinbs  focosfy

Neglecting the contribution of the up and down quark masses, the matrix elements of
the chiral anomaly between the vacuum and (n,n’) states are

<0|%Gé|77> = \/gmf,(fs cos 03 — \/§fo sin 6p) ,
<0|%Gé|77/> = \/gmf,/(fs sin fs + /2 fo cos 0p) .
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A

Notation
—

In the quark-flavour basis the decay constants are parameterized in terms of f,, f,; and
Pg, b5 as
o fqcosgq  —fssingy
1Lf fosing, f,cos b,
and the non-strange and strange axial-vector currents are defined as
V5 AL+ V240
) -

AZ = \/—(U'V,LL'YSU + d7u75d)

Al = 57,758 = \/—( ng

The divergences of these currents are
O A4 = 2(mytiysu + madiysd) + %%quéa,uu |

13a. .
oM A}, = 2mgSivss + 552G, GYM

3 4w

and therefore the matrix elements of the chiral anomaly in this basis are

3oy .~ 3 3ag .~ 3 .
(0 | GG|77> = \ﬁm%fq cosp, , (0 | GG|77'> = ﬁm%,fq sin ¢, .
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~N

J

February 11, 2005
EURIDICE Coll. Meeting (Frascati, Italy)

Study of the -1’ system in the two mixing angle scheme (page 3)
Work in collaboration with J.-M. Frére (ULB), hep-ph/0501072

Rafel Escribano
Grup de Fisica Tedrica and IFAE (UAB)



A Experimental values for gy and ¢,

(_

Experimental constrains:

['(n — vv) = (0.510 £ 0.026) keV R, = L(J/Y —n'y)
J/p =

=5.0+0.6.
T'(n' — v7y) = (4.29 + 0.15) keV . L(J/Y = nv)

The interpolating fields 17 and 1" are related with the axial-vector currents

fg,@“Az(x) — fs,(‘?“Az(:U) 1 fg@“Ai(:v) — fsa“Ag(m)

n(z) = 5 ; n'(z) = — 8 0
m; fn’fg_fS’fg My f}?]fn’_fsfn’
This leads to

2
a’?m? f01_2\/§f8/ a®m? cbo/ f —2v/2s86 /f 2
F(n — 77) — 9671'3” (fﬁ,fﬁ—fj,j‘ﬁ) - 967T?? ( 290?98"'398320 0) ’

2
a2m3, f0_2\/§f8 a2m3, <0 /f -|—2'\/§c9 /f 2
F(?], — 77) = 967rg (f,?},f,—fﬁfn,‘;/) ~ 967Tg ( 290i98+598320 0)

Theoretical constrain: fg = 1.28f; (XPT)

The radiative J/¢¥ — P~y decays are dominated by non-perturbative gluonic matrix
elements:

~ 2
olaaln’) | _
(0|GG|n)

RJ/¢ X

\_

| m2,(f3 + V2£9)
m2(f$+ v2£0)

_[ %,(fgs1n98+ff0c0590)]
%(fgcosﬁg—ff051n90)
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— Experimental values for gy and ¢, &

octet-singlet basis
for fs = 1.28f, (xPT):

Os = (—22241.8)°, 0= (-8.7+21)°, fo=(1.18+0.04)f, .
for fs = 1.34f, (Large N. xPT):

s = (—22.9+1.8)°, 0y =(—6.9+2.0)°, fo=(1.20+0.04)f, .

quark-flavour basis| for f, = fr: ¢, ~ 39.8° and ¢, ~ 38.6°

fo=(1.07£0.03)fr, fs=137£027)fr, ¢=(39.0£1.7)°.

For comparison:

Large N. xPT (H. Leutwyler, Nucl. Phys. Proc. Suppl. 64 (1998) 223):
fs =1.28f,, 0s=—-205°, fo~1.25, 60y~ —4°
phenomenological analysis (T. Feldmann et. al., Phys. Rev. D 58 (1998) 114006):
fo=(1.07£0.02)fr, fs=(134£0.06)fr, ¢=(39.3+£1.0)°
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4 V' -P electromagnetic form factors

(_

We extend our analysis to the couplings of the radiative decays V' — (n,7’)y and
n' — Vywith V = p,w, .
The form factors Fy p-(0,0) are fixed by the AV'V triangle anomaly
v3 fo—V2f
Fonp(0,0) = 35 77—t

3 fP—-V2f%
Fory1(0,0) = 35 e

cOy —sb 2) f0, —s6y 3,
Fur(0,0) = 5 e et

2‘\/§W2 .ff;/fs_.f:/fg ’
1 (cOy—sBy [V2)f)—sOy £}

o 1 (89V+C9V 2)f ,+cbv 7,
Finy(0,0) = =575 PRE—F 0y

1 (88v+cbv /V2) fo4chv f]

Foy(0,0) = =5 = —rep,

Using their analytic properties
Fyp(0,0) = f—vgvp7 + .-+ (Vector Meson Dominance)
my

where the vertex couplings gy p, are the on-shell V'-P electromagnetic form factors

(P(pp)| TNV (v, M)y —pp)2=0 = —9V P GuapPppier (A) -

\_

~
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A

V' -P electromagnetic form factors

_2\/§7r2f¢‘ cbgcbg+sbgshy

\4 9v P~ (th) gv P~ (exp)
3 _
o ‘/_2’“9 cbo/fg —V2s8g/ fq = (1.48 £ 0.08) Gev—1 (1.59 £ 0.11) Gev—1
47 fp 690698+598590
3
o ‘/_2’“9 sb0/fs+V2cs/ fo = (1.23 £ 0.08) Gev—1! (1.35 + 0.06) Gev—1
an2fp clpcbg+sBgsbg
w my  (cby =50y /V2)cby/fs—sby 585/ fq = (0.57 4+ 0.04) Gev—1 (0.46 + 0.02) Gev—1
22727, clpclBg+sbgsfy
w my  (cBy =58y /V2)s6q/fs+sby cbs/fo = (0.56 £ 0.04) Gev—1 (0.46 &+ 0.03) Gev—1
2vV2r2 f,, C90i/9§-|-598390
Mg  (sby+cby /V2)cbg/fg+cby sbs/fo -1 -1
— = (—0.76 + 0.04) GeV —0.690 =+ 0.008) GeV
¢ 5VaR27,) <80 03 +505 505 ( +0.04) Ge ( +0.008) Ge
& Mo (sBy+eby /V2)sbo/Fs—cOyvefs/fo g g6 4 0.05) Gev=] (0.71 4+ 0.04) Gev—1

Table 1: Theoretical and experimental values of the on-shell V-(7, ") electromagnetic vertex couplings in the octet-
singlet n-n’ mixing angle scheme. For gv p-~ (th.) we give the experimental errors coming from the decay constants
fp v and the mixing angle values s and 5. We use 6y = (38.7 + 0.2)° for the ¢-w mixing angle. Experimental
values are taken from the Particle Data Group Coll., Phys. Lett. B 592 (2004) 1.

e quite remarkable agreement except for the wn~y and wn'~ couplings

wny: (0.53 +£0.05) GeV~! (PDG'02) — (0.46 £+ 0.02) GeV~! (PDG’'04) because
of ete™ — 1y exclusion

wn'~: rather sensitive to 6y, for instance 0y = 35.3° = 10% reduction
o for fs =1.28f:: gpny = (—0.80 £0.04) GeV~t and g4,y = (0.91 £ 0.06) GeV ™1

o fixing 05 = 0y = 0 implies an increase of x*/d.o.f. by a factor of 3, and
\ Ionr = (1.20 4+ 0.06) GeV~1, in clear contradiction with data.
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octet-singlet basis

— Results for the mixing parameters

Assumptions

Results

X2/d.o.f.

Assumptions

Results

xz/d.o.f.

bg # fg
fg = 1.28fx
6y = (38.7 £0.2)°

g = (—22.5 £ 1.3)°
6g = (—8.0 £ 1.4)°
fo=(1.21 £0.03)f

42.3/6

bg = 6g = 6
fgs = 1.28fx
6y = (38.7 £0.2)°

6 = (—16.9 £ 1.2)°
fo =(1.15 4+ 0.03)fx

81.4/7

b8 # fo
fg = 1.34f7
6y = (38.7 £0.2)°

g = (—22.9 + 1.3)°
6g = (—6.6 £ 1.4)°
fo =(1.23 £0.03)f,

31.2/6

6g = 6g = 6
fs = 1.34f,
6y = (38.7 £0.2)°

6 =(—16.7 £1.1)°
fo =1(1.16 £ 0.03)f,

77.8)7

bg # fg
fg free
6y = (38.7 £0.2)°

fg = (—23.8 £ 1.4)°
6g = (—2.4 £ 1.9)°
fg = (1.51 £0.05) f,
fo =(1.29 £0.04) fx

18.8/5

bg = 6g = 6
fg free
6y = (38.7 £0.2)°

6 =(—16.5 £ 1.2)°
fg = (1.37 £ 0.05) f»
fo=(1.17 2 0.04)fn

77.4/6

fg # f¢
fg free
By free

g = (—24.0 £ 1.6)°
6g = (—2.5 £1.9)°
fg = (1.51 £ 0.05) f.
fo =(1.29 £ 0.04) fx
6y = (39.4 £ 2.2)°

18.6/4

fg = 6 = 6
fg free
Oy free

6 = (—15.7 £ 1.4)°
fg = (1.37 £ 0.05) fx
fo =(1.17 £ 0.03) f.

6y = (36.5 +£1.8)°

76.1/5

\_

Table 2: Results for the n-n’ mixing angles and decay constants in the octet-singlet basis of the two mixing angle
scheme (left) and in the one mixing angle scheme (right). For every fit, the theoretical assumptions taken, the set of
numerical results, and the value of the X2/d.o.f. are shown in the first, second and third column respectively. The
fitted experimental data includes the decay widths of (n,7’) = v, V. — Pv, P — V', and the ratio Ryjy/y-
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n

/_

quark-flavour basis

Results for the mixing parameters

~N

Assumptions Results x2 /d.o.f. Assumptions Results x2 /d.o.f.
bq # s $q = (40.4 £ 1.2)° 34.6/6 bqg = ds = ¢ ¢ = (40.8 £ 0.9)° 34.9/7
fq="Ffn bs = (41.3 £1.3)° fq = fr fs =(1.66 £ 0.06) f
¢y = (3.4 £0.2)° fs =(1.66 £0.06)fx ¢y = (3.4 +£0.2)°
bq # s $q = (39.9 £1.3)° 18.8/5 bqg = bs = ¢ ¢ = (40.6 £ 0.9)° 19.4/6
fq free bs = (41.4 £ 1.4)° fq free fqg = (1.10 £ 0.03) fx
¢y = (3.4 +0.2)° fq = (1.09 £0.03)fx ¢y = (3.4 +£0.2)° fs =(1.66 +0.06) f
fs = (1.66 £ 0.06)f
bq # bs $q = (39.8 £1.3)° 18.6/4 pg = bs = ¢ ¢ = (40.4 £ 1.0)° 19.3/5
fq free ¢s = (41.2 £ 1.5)° fq free fqg =(1.10 £0.03)fx
oy free fq = (1.09 +0.03)fr oy, free fs =(1.66 £0.07)fr

fs =(1.67 £0.07)f
by = (4.2 £2.1)°

py = (4.1 £ 2.2)°

Table 3: Results for the n-n’ mixing angles and decay constants in the quark-flavour basis of the two mixing angle
scheme (left) and in the one mixing angle scheme (right). The conventions are the same as in Table 2.

e in the octet-singlet basis a two mixing angle scheme is needed to describe

experimental data in a better way;

e in the quark-flavour basis a one mixing angle description of data is enough at the

current experimental accuracy.

\_
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A

— Discussion about the mixing parameters

Our best results for the mixing parameters are

fo = (1.51£0.05)fr , O3 =(—-23.8+14)°,

fo=(129£0.04)fx ,  0p=(-24£19)°,
in the octet-singlet basis, and

fo=(1.09£0.03)fr, ¢, =(39.9+13)°,

fo=(L66£0.06)f,, ¢, =(41.4£14)°,

in the quark-flavour basis.

At the present accuracy, our results satisfy the approximate relations

fo=\J1/312+2/3f2, 65 =¢—arctan(V2/./f,)
fo=\J2/303+1/3f2 6= ¢ —arctan(v2f,/,)

For comparison:

Large N. xPT (H. Leutwyler, Nucl. Phys. Proc. Suppl. 64 (1998) 223):

fo = 1.28f,, g = —20.5°, fo ~ 1.25, and O ~ —4°

phenomenological analysis (T. Feldmann et. al., Phys. Rev. D 58 (1998) 114006):
fo = (1.07 £ 0.02) fx, fs = (1.34 £ 0.06) fx and ¢ = (39.3 £ 1.0)°
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N Dccnee g
Iscussion about the mixing parameters
- &P N

Large N, xyPT

H. Leutwyler, Nucl. Phys. Proc. Suppl. 64 (1998) 223
R. Kaiser and H. Leutwyler, arXiv:hep-ph /9806336

octet-singlet basis quark-flavour basis
f3 = = =12+ 312,
f2 =Mt g p2p, f2=2f2 — 2+ 11200,
fsfosin(0s — 00) = —22(f% — f2) . fofssin(¢q — ¢s) = G2 f2As .

Our best results for the mixing parameters can be used to check the consistency of the
former equations and therefore to test the reliability on the Large N. xPT framework.

e our fitted values for fs and fo = 05 — 0y = (—13.7+0.6)°, to be compared with
our prediction g — 0y = (—21.4 +2.4)°

e our fitted value for fp =— Ay = 0.34£0.10 for the OZl-rule violating parameter A

o the fitted values for f, ; and ¢, , = A; = 0.32+0.10, 2.34 £ 0.60 and
—0.10+0.13

The wide range of different values for A as well as the discrepancies obtained for
fs — 0y and fs seem to indicate that the above equations are not experimentally

\consistent with each other. j
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— Conclusions

e we have performed a phenomenological analysis on various decay processes using a
two mixing angle scheme for the 1-n system

e the agreement between our theoretical predictions and the experimental values is
very good and can be considered as a consistency check of the whole approach

e we have shown that a two mixing angle description in the octet-singlet basis is
definitely required in order to achieve good agreement with experimental data

e on the contrary, in the quark-flavour basis and with the present experimental
accuracy a one mixing angle description of the processes is still enough to reach
agreement

e this behaviour gives experimental support to the fact that the difference of the two
mixing angles in the octet-singlet basis is a SU(3)-breaking effect while in the
quark-flavour basis is a OZl-rule violating effect which appears to be smaller

e finally, we have shown that our best fitted mixing parameters are in disaccord with
the Large N. xPT predictions thus indicating a possible discrepancy with this
framework

- j

February 11, 2005
EURIDICE Coll. Meeting (Frascati, ltaly)

Study of the -1’ system in the two mixing angle scheme (page 12) Rafel Escribano
Work in collaboration with J.-M. Frére (ULB), hep-ph/0501072 Grup de Fisica Tedrica and IFAE (UAB)



