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e Introduction

* mixing of mass eigenstates

octet-singlet basis quark-flavour basis
/ | mixing angle \
n) = cosbplns) — sinbp|no) 1) = cos @plng) —sindplns)
') = sinfp|ns) + cos O p|no) ') = singplng) +cos dp|ns)
with 18) = — (uii + dd — 2s5) and |y ) = 7 (ut + dd)
10) = 5 (utt + dd + s5) ns) = 5

Op = op — arctan v/2 ~ Oop — H4.7°

Assumptions: e no energy dependence
o Ly <m

e no mixing with other pseudoscalars (11, N, glueballs)



e Introduction

* mixing of decay constants

octet-singlet basis .
2 mixing angles
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2 decay constants
quark-flavour basis
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e Introduction

* mixing of decay constants

Large Nc ChPT = ChPT + no in a combined perturbative expansion

octet-singlet basis: quark-flavour basis:
OZl rule violating parameter
Af2 — f2 2% + f2 / 2 1
fs=—"5—"  fo=—"3 f§=F+3fM,  f=20k - 2+ 50,

@eg ~ 60) = f;) fufssin(o — 65) = {f@

Approximate relations valid for @q = ¢s = ¢

1 2
f8:\/§fq2—|-§f§, s = ¢ — arcta

2 1
fo=\/§fq?+§f3, 6o = ¢ — arctan

SU(3) breaking effect —



e Present status

PhenOmenOlog)’ EPJC 7,271 (1999) SU(3) breaking thl"OUgh ms/m

e
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experiment pg s41, 45 (2002)
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PHYSICS LETTERS B
elsév

ILSEVIER Physics Letters B 541 (2002) 45-51

Measurement of I'(¢ — n'y)/ ' (¢ — ny) and the pseudoscalar Yp — (41 81_% :g)o

mixing angle

KLOE Collaboration

most precise determination from a single experiment !



e Present status
* mixing with gluonium
theory prp 27,1101 (1983)

) = Xp|uit +dd)/~2 + Y, |s5) + Z,|glue),
0y = X,y luit + dd) /v 2 + Yy |s5) + Z,y|glue)

A gluonium component of 1)’ Z,%/ >0 or X%/ + Ynz/ <1

experiment pig s4i, 45 (2002)

2 2
/ Xn/ —|_ Yn — 1
KLOE results:

_ 2 +0.09
ZU’ = () o4f Zn’ — 0’06—0.06
: B
’ 0.2 I I / .
F(n — py) ("O% ry) Gluonium fraction below 15% !
['(w— 70%) F@®—yy)
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e Future prospects

* to measure as precise as possible the N-n’ mixing angle

better theoretical determinations of:

b — Ty

77—>7T+7T 7TO/7TO 0 ()

n— Ty

to be compared with future KLOE measurements

* to establish the gluon admixture of the nand N’

* to help measuring the mixing parameters in the
two mixing angle scenario



e Study of the nN-n’system in the two mixing angle scheme
R.E.,}.-M. Frére, JHEP 06,029 (2005)

Motivation:
e [o perform an updated phenomenological analysis of various decay
processes using the two mixing angle description of the -1’ 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 [he analysis also tests the sensitivity to the mixing angle schemes:
octet-singlet basis vs. quark-flavour basis

* Notation

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

(O|AL|P(p)) = ifppy 5

The decay constants are parameterized in terms of fg, fyp and 6y, 6, as

( ff; f,g ) ( fscosfy — fysin b )
fﬁr f,?/ fssinflg  focosby



e Study of the N-n’system in the two mixing angle scheme

NN’ YY decays

The interpolating fields 7 and 7" are related with the axial-vector currents

0 8 8 0 0 8 8 0
1 [ ot AL (z) — f0" Ay (z) | () = 1 fO0rAS (z) — fE01 A ()
T2 b2 my oy = I3y

This leads to

(@) = —

2
a’m? fO/_2\/§f8/ a®m? ch /f —2\/589 /f 2
F(?? — 77) — 9677377 (fg/fg_f:/}g> B 967T3n ( 290i98+5985890 0) 7

2
a’my, [ f) 228 _ Pl (560 ) fs+2V3cbs ) fo )
fgfsf—foOI 967'('3 C90€98—|—898890 ‘
n n

VPY decays

We extend our analysis to the couplings of the radiative decays V' — (1,7')~ and
n — Vywith V = p,w, ¢.

The form factors Fy p~(0,0) are fixed by the AV V triangle anomaly

Using their analytic properties

fv

Fypy(0,0) = m—vgvp7 + .-+ (Vector Meson Dominance)

where the vertex couplings gy p~ are the on-shell V- electromagnetic form factors

(Ppe) MV (pv s )y —pp)2=0 = =9V P GuvasPpPirey (V) -



e Study of the nN-n’system in the two mixing angle scheme

v P gy p~ (th) gv p~ (exp.)

V3m chg/fs—V2s65/fo

_ —1 —1
p n an2y, e8gcfsFafg 6y = (1.48 £ 0.08) GeV (1.59 &+ 0.11) GeV
V3m, <6 /f —|—\/§ e
/ p 5% /f8 cbs/fo _ —1 —1
p n anZy, <BgclzTabgaby = (1.23 £ 0.08) GeV (1.35 & 0.06) GeV
6y —s6 2)c — 56y s6
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¢ n 2\/571.2j:qzs cOgchg+sbgsby ( ) Ge ( ) Ge
m 6 6 2)s6 — Oy ch
b n’ _ o (sOyteby /V2)sby/fs—chy chg/fo = (0.86 &+ 0.05) GeV— ! (0.71 & 0.04) Gev—1

cBpclg+sbgsbp

2\/§7r2fé

Table 1: Theoretical and experimental values of the on-shell V-(n, ") electromagnetic vertex couplings in the octet-
singlet -1 mixing angle scheme. For gv p- (th.) we give the experimental errors coming from the decay constants

fp,v and the mixing angle values 65 and 6y. We use 0y = (38.7 £ 0.2)0 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 et e~ — 1y exclusion

wn'~: rather sensitive to Oy, for instance 0y, = 35.3° — 10% reduction
o for fs =1.28f: gpny, = (—0.80 +0.04) GeV~! and g4, = (0.91 + 0.06) GeV~+

o fixing s = 0y = 0 implies an increase of x?/d.o.f. by a factor of 3, and
Gom'~ = (1.20 + 0.06) GeV™1!, in clear contradiction with data.



e Study of the N-n’system in the two mixing angle scheme

* Results

Assumptions Results x?/d.of. | Assumptions Results %2 /d.of.

O and 6 free  Og = (—22.2£1.4)° 4055 | 6g=6=60 6= (—189+£12)°  73.7/6
fo=128f;  6p=(=55+23)° fo=128Fr fo=(1.114£0.03)fx
fo=(1.254£0.04) fx

(—182+1.2)°  66.9/5
(1.39+£0.04) f5
(1.13+0.03) f

Og and Oy free Oy = (—23.8£1.4)° 17.9/4 O =0y =0 0
fg free 9() = (—1.1 :|:2.3)O fg free fg

fs = (1.5140.05) fx fo
fo=(1.324£0.05) fx

¢4 and ¢y free ¢g = (42.7+2.0)° 32.6/5 Og=0¢s=¢ ¢ =(41.8£1.2)° 32.8/6

fo=fn ¢ = (41.6 £ 1.3)° fa=fr  fi=(1.68+0.07)fz
£y = (1.69£0.07) f»

¢4 and ¢y free ¢y = (41.6+2.3
fq free ¢os = (41.5+1.4
f,=(1.0940.03

£y = (1.68+£0.07

~—

° 1794 | ¢,=ds=¢  ¢=(41.5£1.2)° 17.9/5
° f, free fa=(1.0940.03) f
fu £ = (1.68£0.07) f»
W

~—  ~—

quark-flavour basis octet-singlet basis

Table 1: Results for the n-n’ mixing parameters in the octet-singlet basis (upper part) and the quark-flavour
basis (down part) of the two mixing angle scheme (left) and the one mixing angle scheme (right).

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.



e Study of the N-n’system in the two mixing angle scheme

* Discussion about the mixing parameters

Our best results for the mixing parameters are

fo= (L51£0.05)f, . 6= (2384 1.4)°

fo=1(12940.04)f,, 0y=(-24+1.9)°,
In the octet-singlet basis, and

fo=(1.09£0.03)fr, ¢, =(39.9+13),

fs=(1.66 £0.06)fx , &5 =(41.4£14)°,

in the quark-flavour basis.

At the present accuracy, our results satisfy the approximate relations

fs= U312 +2/302 05 = ¢ —arctan(V2/./f,)
fo = \/2/31?3 +1/3f2, 0= ¢ — arctan(v2f,/fs) .

For comparison:

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

fs = 1.28f,, 0s = —20.5°, fo ~ 1.25, and 6y ~ —4°

phenomenological analysis (T. Feldmann et. al., Phys. Rev. D 58 (1998) 114006):
f, = (107 £0.02) fx, fs = (1.34 £ 0.06) f and ¢ = (39.3 & 1.0)°




e Study of the N-n’system in the two mixing angle scheme
* Discussion about the mixing parameters

Large N. xPT

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

octet-singlet basis quark-flavour basis
fg = gt J3 =12+ 3070
f3 =it 4 20, f2=2f% = [24 320
fsfosin(0s — 6) = —22(f% — f2) . fofssin(dg — d5) = L2 f2A1 .

Our best results for the mixing parameters can be used to check the experimental
consistency of the former Large N,. yPT equations.

e our fitted values for fs and fo = 035 — 0y = (—13.7+ 0.6)°, to be compared with
our prediction g — 0y = (—21.4 + 2.4)°
e our fitted value for fo = A; = 0.344+0.10 for the OZl-rule violating parameter A4

o the fitted values for f, s and ¢, = A; = 0.32 £ 0.10, 2.34 £ 0.60 and
—0.104+0.13
The wide range of different values for A; as well as the disagreements obtained for
Os — By and fs seem to indicate a possible discrepancy with the Large N. yPT
framework.



e Conclusions

* best measurement of the N-N" mixing angle _ (41 87190
: : T - pp = (41. 1 6)
from a single experiment '

* precise measurement of the gluon admixture
of the N’ (Gluonium fraction below 15%)

2 _ +0.09
Z2,=0.061 000

* good prospects for helping in the measure of the
mixing parameters in the two mixing angle scheme

* Study of the N-n’system in the two mixing angle scheme

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

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

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 i1s a OZl-rule violating effect which appears to be smaller



