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* Motivation
KLOE Collaboration, Phys. Lett. B648 (2007) 267
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e Motivation
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Gluonium fraction below 15%

What are the differences between the two analyses?

e improvement in the precision of the new measurements

e the use of the overlapping parameters relating the pseudoscalar and vector
wave functions




e Motivation

B=-17" @p=11°

E. Kou, Phys. Rev. D63 (2001) 054027

Bt B= 0% glucniumn =
_ Y A new experimental data [34]
R=17% gluonium —— |

Br(g = n'y) = (823 £ 11} x 10°°

R= Zn
The experimental data [25] Xn/ —|_ Yr,]/ —|_ Zfr,/
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Purpose: to perform a phenomenological analysis of V—Py and
Jp—VP decays, withV=p, K*, w, d and P=11,K, n, n,
aimed at determining the gluonic content of the N and n’
wave functions

Why? to confirm or not the gluonic content of the N’ wave function

Feasible? yes, because we have at our disposal all the needed experimental
information

Outline:

e Notation

e V= PY analysis

e |/yy— VP analysis
e Results

» Conclusions




e Notation

We work in a basis consisting of the states

7,) = %\uu%— dd) ns) = |s5) |G) = |gluonium)

The physical states 1 and N’ are assumed to be the linear combinations
n) Xylng) + Yylns) + Z,|G)
n') = Xylng) +Yylns) + Zy|G) ,

wieh Xn(n T Yn(n T Z,

Gy = 1 andthus Xn(n ) T Yn(n ) =

A significant gluonic admixture in a state is possible only if

72 Y?

)_1_X77(77) n(n’

n(n’ ) >0
Assumptions: e no mixing with T (isospin symmetry)

e No mixing with N states

e no mixing with radial excitations




e Notation

In absence of gluonium (standard picture)

cos dp|ng) — sin ¢

Z /EO
1) W) = sindplng) + cosdp

=Yy =cosgpp ad X o +Y =1

—_ — nESin¢p

where ®pis the N-n’ mixing angle in the quark-flavour basis related to its octet-singlet
analog through

Op = pp — arctan V2 ~ ¢p — 54.7°

Similarly, for the vector states W and ¢ the mixing is given by

w) = cospy|w,y) —sindy|es)

|¢) = singy|w,) + cos Py |Ps)

where Wq and @s are the analog non-strange and strange states of 1Nq and 1, respectively.




 Euler angles

In presence of gluonium,

n) = Xn‘nq> + Yn‘778> + Zn‘G>
lueball-lil
glue 22|4|4<§);¢.tate\ Xn"nq> + Y??"n8> + Zn/’G>
1) Xi|ng) +Y.ns) + Z,|G)

Normalization: Orthogonality:
X% + Yn2 + Z% —1 Xy Xy +Y Y + 2,72, =0
Xs/ -+ YnZ/ -+ Z,g/ 1 XnXL + YnYVL + Z’I’]ZL =0
X2+Y +7Z7=1 X X +Y,) Y, +7Z,7Z, =0

3 independent parameters: ¢r, dnc and dnc

Cgbnn/ C¢nG _3¢nn/ C¢nG _S¢77G
— SPpn! CPp1G — COpnt SP1 G SPnG  CPpp1 COp1G + SO 1S GSPnG —SPyraCPnaG
SPpn! SPpr + CPpp1 COL1GSPnG  CPpp1 SPprG — SPpp CPLI G SPRG CP,raCPnG




 Euler angles

)(77 — COS gbp COS anG : Xn/ — sin gbp COS an’G — COS gbp sin gbnG sin qbn/G ,
Y, = —sin¢gpcos¢,g, Y, = cosopcospyag +singpsing,gsing, g,

Iy = —Sin@pq, Zy = —singygcosd,q .

In the limit ¢,c=0:
X, = cosop Y, = —sin¢p ,

Xy =8In@pCcosS@yg, Y, = COSQpCOSPyqG , = —sin ¢y q .




e A model for VPy M| transitions

We will work in a conventional quark model context: P andV are simple
quark-antiquark S-wave bound states

all these hadrons are thus extended objects with characteristics
spatial extensions fixed by their respective P andV wave functions

SU(2) limit identical spatial extension within each isomultiplet

SU(3) broken constituent quark masses with ms>m and
different spatial extensions for each isomultiplet

Ingredients of the model:

i) aVPY magnetic dipole transition proceeding via quark or antiquark
spin flip amplitude o pPg=eq/2mq

ii) spin-flipV—P conversion amplitude corrected by the relative overlap
between the P andV wave functions

iii) OZl-rule reduces considerably the possible transitions and overlaps

U(1)a anomaly <

Cr = (wlwy) = (mlp) k)

= (Nglwq) = (nglp) Ps)




e A model for VPy M| transitions

Amplitudes:

Jurny = g COS ¢V sy Yoy — G sin ¢V )

mg

5) g = by (2 2)
=092 Xn s  Gpn'y = 92 Xy

— %g (zq X, cos oy + Qmﬂszs Y, sin ¢V) :

%g (,zq X?7’ cos ¢y + Qmﬂszs Yn’ sin QbV) ;

Jon'y =
Jomy = 59 (zq Xy sin gy — 2,72 Y, cos qbv) ,

Jom'y = 59 (zq Xy sin ¢y — 2.7 25 Yy cos gbv> :

with  Gury = g cos ¢y = e Cr cos py /m

and 2, =C,/Cr, 2:=0C5/Cr, zx=Cgk/C;

1 1
bV — Py = 2822 5 Lrgp )




e Data fitting R.E.and J. Nadal, JHEP 05 (2007) 6

The overlapping parameters zqs and the mixing parameters Xnn) and Yn)
cannot be determined independently

Thus we start assuming Co=0Cs=Cg=0r=1 2g=2s =2k =1

x*/d.of.=31.2/6 gluonium allowed for nand ’
or %*d.of=45.9/8 gluonium not allowed with dp=(41.1£1.1)°

Then we leave the overlapping parameters free

Three possibilities:

i) Zn=2Zn=0 gluonium not allowed for n or n’
ii) Zn=0 gluonium allowed only for i’

iii) Zn=0 gluonium allowed only for n

i) assuming Z,=Z,=0 from the beginning, we get from ¥?/d.o.f.=14.0/7 to

g=0.72+£0.01 GeV~!, (op=(41.54£1.2)%, ¢y =(3.24+0.1)°,
v?*/d.o.f.=4.4/5
e =1.24+£0.07, 25k =0.894+0.03, Cz,=0.86+0.03, z,=0.78=x0.0




 Data fitting

ii) assuming Z,=0 from the beginning, we get

g=0.72£0.01 GeV~!, 22 =12440.07, ¢v=(32+0.1)°,

p = (14213 (ol = (124 13D, $2/d.04=42/4

k= 089=x003, 2,=08 =003, =z;=0.79 i%

Accepting the absence of gluonium for the N meson, the gluonic content of
the n’ wave function amounts to |®nc|=(12£13)° or (Z,)?=0.04+0.09 and the
N-n’ mixing angle is found to be ®p=(41.4£1.3)°

4/6/ no gluonium
Transition  gy-p. (PDG) th,, (Fit 1) <t (Fit 2)

9v P V P~y \
gluonium

p" — 1y 0475+0.024 0.4614+0.019 0.464 + 0.030
0.41 4 0.03 0.41 = 0.02 0.40 4= 0.04

0.140 = 0.007 0.142 = 0.007 0.143 = 0.010

0.139 = 0.015 0.149 = 0.006 0.146 = 0.014

0.209 + 0.002 0.209 = 0.018 0.209 = 0.013
0.22 + 0.01 0.22 + 0.02 0.22 = 0.02




 Data fitting

iii) assuming Z, =0 from the beginning, we get

g=0.72+£0.01 GeV~1, ™ —=12440.07, ¢y =(324£0.1)°,

m

Cop = (415 i@ @ v*/d.o.f.=4.4/4

Zg = 0.86£0.04, 2, =0.78+0.06, zx =0.89+0.03,>

Accepting the absence of gluonium for the N’ meson, the gluonic content of
the 1 wave function amounts to |Qnrc|=0° or (Z;)?=0.00+0.12 and the n-n’

mixing angle is found to be ®p=(41.5%1.3)°

The current experimental data on VPY transitions indicate within our model
a negligible gluonic content for the 1 and N’ mesons




 Data fitting

Using the latest experimental data on (p,w,$)—nNY (SND) and d—n’y (KLOE), we get

< (42.7 4 0.7) —0.83+£0.03, 2,=079%£0.05, y2d.of=4.0/5

¢p = 42 6+1.1)° |</5n/<;| 5121 , 24 =0.83£0.03, =z,=0.79+0.05, <?/d.o.f.=4.0/4

confirmation of the null gluonic content of the N and n’ wave functions

no gluonium
Transition 9 }S (latest) g{;bp,}_(]?it glﬁpﬁ_{FitQ

p° — Y 0.429 + 0.023 0.436 & 0.017 0.437 + 0.028\ gluonium
n — %y 0.41+0.03 (PDG)  040+0.02  0.40+0.04

w — 1y 0.136 + 0.007 0.134 4 0.006  0.134 + 0.009

7 — wy 013940015 (PDG) 0.146 4 0.006 0.146 + 0.013

b — 1y 0.214 + 0.003 0.214 4+ 0.017 0.214 + 0.012

b — 1y 0.216 + 0.005 0.216 +0.019  0.216 + 0.018




*Results R E and J. Nadal, JHEP 05 (2007) 6
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e Results

40.3° 42.7°

¥

0.6

Xy
v/ importance of constraining even more ¢—n’y

More refined data for this channel will contribute decisively to clarify this issue




e Results

PDG’06 data latest data




e /[y — VP analysis

BRx |03 PDG97° PDG'07

o7 | iz8 £ 1.0 16.9£1.5
K**K~ +c.c. 50+ 04 —
K*OK% +c.c. 42 + 04

w7 1.58 £ 0.16 1.74+£0.20 BABAR Coll., Phys. Rev. D73 (06) 052003
wn’ 0.167 & 0.025  0.182+0.021 BES Coll., Phys. Rev. D73 (06) 052007

(f;?, 8'32 i 8'81 8'ng8'8§ BES Coll.,, Phys. Rev. D71 (05) 032003
on 0.193 4 0.023
on’ 0.105 + 0.018

wr® 042 + 0.06 0.45+0.05 BES Coll., Phys. Rev. D73 (06) 052007
oY < 0.0068 <0.0064 C.L.90% BES Coll., Phys. Rev. D71 (05) 032003

BABAR Coll., Phys. Rev. D70 (04) 072004
BES Coll., Phys. Rev. D70 (04) 012005

WEIGHTED AVERAGE

*
MARK Il Coll., Phys. Rev. D38 (88) 2695 1.6920.15 (Error scaled by 2.4)
DM2 Coll., Phys. Rev. D41 (90) 1389
new PTI

old p1m / 2

X

- - AUBERT,B 04N BABR 6.6
-+ BAI 04H BES 6.0
- - BAI 04H BES 114
BAI 96D BES 5.8
COFFMAN 88 MRK3 2.0
FRANKLIN 83 MRK2 1.7
ALEXANDER 78 PLUT 0.1
BRANDELIK 78B DASP 3.0
BARTEL 76 CNTR 12.0
JEAN-MARIE 76 MRK1 1.7
50.3

(Confidence Level 0.001)

r(PW)/rtotaI M5/




* A model for Jyy— VP transitions

Amplitudes:

juu), |dd), |ss) lua), |dd), |ss )

strong singly disconnected (SOZI) = g electromagnetic singly disconnected (eSOZI) = e

luu+dd)/V2, |ss)

strong doubly disconnected (DOZI) = rg DOZI for Jip—=V+Glueball = r'g




e A model for |l — VP transitions

Amplitudes:

TABLE VIII. General parametrization of amplitudes for J/¢y—P 4 V.

Process Amplitude

ot o0t g +te

K**K-,K* K+ g(l—s)+e(l+s,)

K *°K O, K *OK?© gll—s)—e(2—s,)

N (g +e)X +\/2rg[\/2X,,+(l Y 1+V2r' g2,

wn' (g +e)X +\/2rg[\/2X +(1 Y ]+\/_rgZ,,

o [g(1—25)—2e(1—s,)]Y, +rg [\/2X,,+(1 )Y, 107 g(1— 5.)2,
¢77' [g(1—2s5)—2e(1 ]Y s )[V2X 4+ (1— sp) Yyl +0r'g(1 —s,) 7,
p n 3eX

p "7 3eX,,'

w7’ 3e

¢’ 0
A.Seiden et al., Phys. Rev. D38 (1988) 824

S, Se, Sp and sy are SU(3)-breaking parameters
Simplifications of our analysis:

i) second order SU(3)-breaking contributions sp and sy are neglected
i) x=1-se=m/ms with ms/m=1.24£0.07 and ¢pv=(3.2+0.1)°

iii) Zn=0 fromV—Py and P—VY decays
R. E. and J. Nadal, JHEP 05 (2007) 6




e Results R.E., arXiv:0807.4201 [hep-ph]

a) gluonium not allowed for n’

i) x=I| and Ppy=0° v?*/d.o.f.=3.4/4 with ®p=(40.2+2.4)°
i) x=0.81%0.05 and ¢v=(3.2+0.1)° v?*/d.o.f.=4.2/4 with ©p=(40.5£2.4)°
with s=(29+3)% and |r|=(37%1)% in i)

b) gluonium allowed for n’ Zy#0

i) x=I| and Ppy=0° v*/d.o.f.=1.9/2 with ¢pp=(45.014.3)° and (Zy)?=0.30+0.15-0.38
ii) as before v*/d.0.f.=3.0/2 with $p=(44.514.3)° and (Z,)?=0.28+0.16-0.44
with s=(27%3)%, |r|=(36%8)% and |r’|=(12£22)% in i)
Remarks:
e the effect of second order SU(3)-breaking contributions s, and sy is negligible

e the same fits with the pion modes removed are slightly better

e the same fits with the old data are worse, x?/d.0.f.=7.3/4 vs.y?/d.o.f.=3.4/4 for instance




e Summary of the V— Py analysis and conclusions

We have performed a phenomenological analysis of radiative V—Py and P—Vy
decays with the purpose of determining the gluon content of the N and n’ mesons

I) The current experimental data on VPY transitions indicate within our model a
negligible gluonic content for the n and N’ mesons,

Z7=0.00+0.12 and Z7 =0.04+0.09

Accepting the absence of gluonium for the N meson, the gluonic content of
the N’ wave function amounts to |®nc|=(12£13)° or (Z1)?=0.04£0.09 and the
N-n’ mixing angle is found to be ®p=(41.4£1.3)°

The use of these different overlapping parameters (a specific feature of our analysis)
is shown to be of primary importance in order to reach a good agreement

The latest experimental data on (p,w,P)— Ny and d— N’y decays confirm the
null gluonic content of the N and N’ wave functions

More refined experimental data, particularly for the —n’y channel,
will contribute decisively to clarify this issue




e Summary of the J/y— VP analysis and conclusions

We have performed an updated phenomenological analysis of an accurate and

exhaustive set of [/1p— VP decays with the purpose of determining the quark
and gluon content of the N and N’ mesons

|) The current experimental data on J/ip—VP decays are described in terms of
one mixing angle in a consistent way

2) Accepting the absence of gluonium for the N’ meson, the N-n’ mixing angle
is found to be {p=(40.2+2.4)° or Op=(-14.5£2.4)°, in agreement with recent
phenomenological estimates

3) The values found for (Z,)?=0.30+0.15-0.38 or ®yc=(33+10-24)° suggest
within the model some small gluonic component of the n’

4) The inclusion of the vector mixing angle (not included in previous analyses)
is irrelevant

5) The recent values of BR(J/y— pt1) by BABAR and BES Coll. are crucial
in order to get a consistent description of data




