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Fit to the gluonium content using PDG 2008
and new KLOE measurement of Br(o— 7 %y)
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Outline

*  Model description;
*  Published KLOE result respect to other estimates;

#* Re-fit to all relevant measurements;

*  Re-fit using PDG-2008 and new KLOE measurement of Br(w —w’y).
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n.M": mixing and gluonium

The n,n ' mesons wave function can be decomposed in the quark mixing
base as in the folowing (J. L. Rosner, Phys. Rev. D 27 (1983) 1101. ).

qq )= 1= >}2|da>

|n' >:X,~,'|q El>+Y,7v |5§>+Z,7r |G> |n)=cosp,|qg)—sinp,|ss)

X, . =sing ,Ccos @
Y,  =cosp,cosp
Z, =sing g

The ¢ - m,M' y transition is modelled according a spin flip transition

P V i Y/ P Y
2 1 2
I(P-Vy)==Ip I(V=Py)=5z7=Ip,f

Only quarks participate to the electromagnetic transition, gluonium is a spectator.
It appears in the ' decay amplitudes only through the normalisation to 1 (Yn, ~CO0S Q)

B. Di Micco Fit to the gluonium content using PDG 2008 and new..Frascati- 16-1 2009



‘\E’, Magnetic dipole transition

Decay width: Quark charge
v

2 E € 2
[(V — Py) = g(}u.} ( P) Z KV|—'uqF‘qﬂr';I |P>

my e x

Pauli matrices

example: Matrix element for p -»nYy decay
_|ua>—|dd>

p) =
2
| V2 Isospin conservation

HlqCqO Ny 7 |dd 7,194,
<p| 49 |?}'> = pcos(pp)2/3 (uti,|ui,) + 1/3 <ddp|dd?'}> = pcos(er) (qdp|90,)

\ elm_ (effective quark mw
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‘\E’, Magnetic dipole transition

Decay width: Quark charge
v

2 E € 2
[(V — Py) = g(}u.} ( P) Z KV|—'uqF‘qﬂr';I |P>

my e x

Pauli matrices

example: Matrix element for p -»nYy decay
_|ua>—|dd>

|P>— 2

Jlg€qO, _ _ — — _ _
<pl o r"I?}*> = pcos(pp)2/3 (uity|uty) + 1/3 (dd,|dd, ) = pcos(op) (agylady)
elm (effective quark mass) {

wave function overlapping
Cy=<mglwg >=<mylp > Cs=<mnslgs > Cp =< 7w, >=<m|p >

In the formulas only the ratios appear: Zns = C,/C. Zs=C,/Cy

QCD effects reside in mixing parameters, overlapping parameters and
effective quark masses.
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‘!/ V P y and Pyy transitions

KLOE [Phys. Lett. B648 (2007) 267] has fitted:

3
. 2 2

F(n —p Y) — Zq .3 rn"l'_rnprnoU X2

2 2 n'
I'(w—m'y) cos ¢, \m,—m,m,

3 2
[(n'>wy) _1[my—m,m, m
== — > z, X, +2—z tang, Y .

I'w-my) 3\m,—m,m, ! m

together with the measured branching ratio:

R, = (4.77 £0.09+£0.19)x107

mg,z, tangy
m zg sin2¢,

2 3
.(pnl)
Pn

> E. Kou, Phys. Rev. D
63 (2001) 54027

* Br(¢-ny)

R —Br(qb_WlY)=C0t2cl>P-COSch>G(1—

3

lq
fs

mr]'
m

TT

and the ratio: F(”;—)Y?”):l
F(T(‘ —)yy) 9

5X, +v2-1Y |
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V P v and Pyy transitions

KLOE [Phys. Lett. B648 (2007) 267] has fitted: Were taken from a global

, a3 fit without gluonium:
I'n'-py) _ e .3(mn—mpmw
2

( —_Q2a X2

( m,—m,m A. Bramon, R. Escribano,
(

(

w—Ty) oS ¢y
M.D. Scadron
+2 Phys. Lett. B503 (2001) 271

together with the measured branching ratio:

H

r
I'(w—m'y)

2
n'_wo)/) : mn —m,m,
3 2_ 2
m,—m,m,,

= (4.77 £0.091£0.19)x 10

m tane,,

2 3
(e
P
> E. Kou, Phys. Rev. D
63 (2001) 54027

Br(¢—n'y) _
R, = Brig—ny) cot’ ¢p-COS cl)G(

m 5IN2¢

3

and the ratio: F(”;—)y?)’):l m,.
F(Tr —>yy) 9 m

TT

5X,,+(2&Y ,
f n

S
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‘!/ V P y and Pyy transitions

KLOE [Phys. Lett. B648 (2007) 267] has fitted:

| T. Feldmann, Int. J. Mod.
! Phys. A 15 (2000) 159

2
mS

together with the measured branching ratio:

R, = (4.77 £0.09+£0.19)x107

2
mg z, tandey,
m zg sin2¢,

3
pn' )
P
> E. Kou, Phys. Rev. D

63 (2001) 54027

_Br(¢—=n'y) o, o B
R, Brigony) cot”¢pp,-Ccos ch(l

3
mr]'
m

TT

and the ratio: F(”;—)y?”):l
F(1T —>yy) 9

5X,.+ /2
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,  Fit redone leaving free all parameters

=

N

1) Leave the z's parameter free;
2) Add more constraints (needed to perform the fit with larger

number of parameters);
3) Check the contribution from n'- yy / n°— yy

3

I'(w—-ny) 1 m , ’ . mi,—m,z7
—=—|z,c0s(¢p,)—2—1z tan(¢py,)sin(Pp,)| (1—-z¢)|—5—"
I'w-1y) m m,—m.
3
[(p=ny) _ 2 €08 (9y)| m,—m, m,
I'w-m'y) “cos’(py)|m,—m, m,
I'(p—ny) 1 m 22 —m? m,,|
_ . P
S—=—|z tan(¢,)cos(¢p,)+2—zsin(¢,) : —
I'w—-my) m m,—m, Mg
2
3 ms 3
F(d)_)noy):tan2d) . mi_mio.mw F(K_'_*_)K_'_y): 2 77 1 mi*+_m§<+o.mK*o
I'w—1m’y) v mo,—m>, my| T (K*°->K°y) 14 My o— Mo Mo
m
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The experimental covariance matrix B contains correlation among
common used quantities in the fitted relations:

I'(w—=ny) T(p—ny) I(p—=ny) Introduces a correlation
]_'(w—rn'oy)’ ]—'(a)—n'roy), F(w—rn-oy) in the fitted quantities

I
I'(n'-yy)_ Brin'=yy)l', I'(n'-py) Br(n'—py)I,.
0 B 0 0 — 0
[(m-yy) I'(m-oyy) Nw—-my) I'lw-omy)
XQ 34
X3 [E Br and I" strongly correlated
X4 35 24 32 \
X 26 12 26 8 (above all F(TI _)YY))
X6 28 11 35 11 _ ]
r 32 2 24 s (88 ) s the I" is measured using:
q o ow oxa ox
Mode Rate (MeV) Scale factor e+e'%n'e+e'
h #ta 7y 0.090 +0.008 1.2
I Y~ (including non-resonant 0.060 -+0.005 1.2 .

i T ) An independent measurement of
s w7y 0.042 :0.004 1.6 the n' total width is welcome.
[ 4 LWy 0.0062 -+0.0008 1.2
Ig ~ 0.00430-+0.00015 1.1
e 3w’ (32  +06 )x104 1.1
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Fit results without n'— yy / n°— vy

—_ M

? Fit redone a la Escribano
I (P=Vy)=-=Ip,[

n (using couplings and not taking into
account correlations)
very similar results

Fit with width ratios Escribano et al., Fit with couplings
JHEP 0705:006 (2007)

X~ /n.d.f(Prob 1.8/2 (41 % 1.2/4 (38 % 1.7/4 (32 %

2 0.03 = 0.06 0.04 £+ 0.09 0.04 £ 0.07
ey (10 £ 10)° (12 £ 13)° (11 £11)°

Wp (41.6 £+ 0.8)° (41.4+1.3)° (41.5 + 1.1)°

Zng 0.85 = 0.03 0.86 = 0.03 0.86 = 0.03

Zg 0.78 = 0.05 0.79 + 0.05 0.78 £ 0.05

Oy (3.16 £ 0.10)° (3.2 £ 0.1)° (3.18 = 0.10)°

m./m 1.24 = 0.07 1.24 + 0.07 1.24 +0.07

disappear | Zx 0.89 +0.03 0.89 +0.03
in the ratio| ¢ 0.72 +0.01 0.72 £ 0.01

o . . . )
Table 3: Comparison among the fit results without the ' — /7" — ~~ measure-
ment and the Escribano ef al. results.
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Adding the n'— vy / ®°— yy constraint

Gluonium allowed | Gluonium at zero KLOE |
N nd f(Prob) | 573 (175 %) 13/4 (11 %) (Phys. Lett. B648 (2007) 267
2
Z(_'; 0.105 £+ 0085 0 fixed ) ¢P:(397 + O.7t0t)o
op (40.7 + 0.7) (41.6 £ 0.5) !
Tos U866 T 0025 0.803 £ 0.027 96| = 22 +3)
NS - - - -
A 0.79 &£ 0.05 0.78 £ 0.05 " ,
oy (3.15 £ 0.10)° | (3.17 £ 0.10)° S0 =2 =L = 0.0
ms/m 1.24 £ 0.07 1.24 + 0.07
., ¥ A
Cm"—= i =y n"—=yy Wi =y
Cin'—=pV -ty I M= pyT{m—r"y -
Fit Cig—n"WIHd—ny) o FO—=n"ITD=NY  —
pu lls C(n' =N Tim—n'y) - L1 = T (00— T e—
F{m—n]“,flﬂ"{m—m““ﬂ —— rTm—}rnfl.fFl_’m—m"“,fl —
F{p—n]“,flﬂ“{m—m"“,fl - Fl_’p—n]*ﬂ.frfm—;:rt"“,fl -
Fﬁp—n]“,fifr{m—m"“ﬂ o mp—}r]“,fl.fﬂm—m"“ﬂ
r'f'.b—n'tu"ﬂ.l'rfm—}‘.ltu'fl - Fl.".b—m"wﬂ“ {m—m"*,fl
MK =K/ " —=K"y) MK =Ky WK —=K")
H-HHHHHH R+
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
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Update using PDG 2008

13
|
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Result of the fit

Gluonium allowed | Gluonium at zero PDGO0S8
x2/n.d.f(Prob) 7.9/3 (5 %) 15/4 (5 x 1073))
Z, 0.097 + 0.037 0 fixed
©p (41.0 £ 0.7)° (41.7+0.5)° The same gluonium
ZNS 0.86 £+ 0.02 0.858 £ 0.021

content but unsatisfying

Zg 0.79 £ 0.05 0.78 & 0.05 fit quality.
oy (3.17 & 0.09)° (3.19 % 0.09)°
ms/m 1.24 £+ 0.07 1.24 £+ 0.07
Gluonium allowed | Gluonium at zero PDGO06
x2/n.d. f(Prob) 5/3 (17.5 %) 13/4 (1.1 %)
Zf 0.105 £+ 0.037 0 fixed
Op (40.7 £ 0.7)° (41.6 £0.5)°
ZNg 0.866 + 0.025 0.863 + 0.024
A 0.79 £ 0.05 0.78 + 0.05
Yy (3.15 £ 0.10)° (3.17 + 0.10)°
Mg /M 1.24 £ 0.07 1.24 + 0.07

Table 2: Fit results. 14
|
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/4 Pulls of the fit

Con' e =) N =)

o' =y LNy VT —y PDGO0S8
F{r]'—)p",rl.frfm—m"]rl — Ffr]'—;p",rn.ﬂ"{m—m"",rl -

Cig—n "V {d—my) — Lig—n " g—np —

I’ =W {o—a"y) - TN = @O T e—

TN T (0T [ =V 0= —

F{p—;n*;lﬂ"{m—m"*;l o ﬁp—;n*;ufr{m—m"*fl —

F{'.I}—)rrﬂ.frfm—m"*;l - Ffth—nwufrffm—m"*,fl

r{t.[}—)‘lt“"ﬂfr{m—ntu'fl . an.p—nt"*,flﬂ“{m—m"*,fl o

MK =Kk =K'y MK =KWK —K"Y)

-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

"=yl {‘J‘t“—)‘wl in"—yy W rn’ —r7) P D G 0 6
rim'—pywf F{m—nt"*,fl —— ' —pynt( m—ﬂt““"l -

Ci—n"yWHd—ny) e [ld—n"pTid—ny

I’ —aWim—r'y) - (' =M o—t"g

M— rr,flﬂ"{m—nt"*,fl — [ e—my W Ffm—nt"'-;l

Cip—=nyT( m—nt"*,fl - p—=n r{m—)‘l't““fl -

Cip—nyW F{m—nt"*,fl - [ p—myW nm—)‘lt““fl

rﬁl}—)‘]t"“ﬂf F{m—nt"*,fl - Flfn.p—nt"*,flﬂ"{ m—n‘t““fl

MK = KyrK " =Ky MK —=KyWHEK"=K")

3 -2 -l 0 1 2 3 3 -2 -1 0 1 2 3
15
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‘* Pulls of the fit

\
1 S

!
Lol

L' =y’ =) F' =y =1y PDGO08

rim"—py¥ F{m—nt"]rl — L{n"—pyWI{ (r]—)TI:““"I -
Cig—n"WT(9—sny) — R N S

T’ —aWTia—t"y) - [ —op)Mio—r'y;
F{m—z-rmﬂ"{c<—>1n:";.f.|_> ﬁm—;rwufﬁm—;iw — >
Cip—=nyT{m—=ry) o L p—nyW r{m—)it“*fl —
Cig—ny F{m—nt"*,fl - {d—ny W F[m—m"*,fl

rfll}—)‘l't“"ﬂf F{m—nt"*,fl s Ffth—m:"*,flﬂ" i m—)‘l't““fl ,

MK =Kk =K'y MK =KWK —K"Y)

rin'— il {‘J‘t“—)‘wl rin'—yyv rin —7Y) P D G 0 6
F{n'—;p*;ufrfm—m"?l —— Wn'—;pwﬂ"{m—m"*ﬂ -
Tip—sn "W d—ny) - [{g—n " G—ny) () —)’n 'Y p u | | h as
I’ —aWim—r'y) - (' =M o—t"g . .
nmﬁ,,«,,,rcﬂuw ) mﬁme - D Increased in both
T oF ] Np-mT@-m7 - gluonium hypothesis
- (e—T'Y — Tg—nyVT{a—r"y)
F{n.p—m“*,fi.frfm—m"*fl - Flfi.l}—n't““ﬂfr{m—)‘l't““ﬂ
MK = KyrK " =Ky MK —=KyWHEK"=K")

N NN

3 -2 -l 0 1 2 3 3 -2 -1 0 1 2 3
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‘Eé, ® — Ny measurement from PDG
— I —

The @ — mnYy partial width changed from

-

(4.9 + 0.5)x10* to (4.6 + 0.4)x10*

This value is determined by the global PDG fit, and it is
mainly determined by:

—_ 2 2
M(eTe ) X r("?'?)/rtotal Fol's/T
VALUE (units 10—8) EVTS DOCUMENT ID TECN  COMMENT

3.31+0.28 OUR FIT Error includes scale factor of 1.1.
3.184+0.28 OUR AVERAGE

3.1040.3140.11 33k 24 ACHASOV 078 SND 06-138ete— — 1y |
31771824021 174k 25 AKHMETSHINOS5  CMD2 0.60-1.38 ete™ — 1
3.414+0.5240.21 23k 20.27T AKHMETSHINOIE CMD2 ete™ — g j

ACHASOV 07B: Phys. Rev. D76 (2007) 077101

17
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® — 7MY branching ratio measurement from SND

The branching ratio is extracted with a global fit to the e*e- — ny
with a VMD model with p, ®,¢,p ' included (p' parameters varied
to compute systematics and constrained from e*e— np).

01

075 08 085 09 095 1 1.05
E, GeV

® contribution overwhelmed by the p — MY contribution

no correlation matrix is given in the paper
18
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‘E&L Direct ® — MYy branching ratio measurement
— I —
r("? ")’)/ I total

PR VALUE (units 10_4) EVTS DOCUMENT ID TECN COMMENT
-Cll-he flt IS db 4.6 £0.4 OUR FIT Error includes scale factor of 1.1.
ominate y 6.3 £1.3 OUR AVERAGE Error includes scale factor of 1.2.

the SND 6.6 £1.7 53 ABELE o7E CBAR 0.0Pp — 5y
measurement 8.3 £2.1 ALDE 93 GAM2 387  p — wn
3.0 192 54 ANDREWS 77 CNTR 6.7-10 ~Cu

In Crystal Barrel the channel pp — n o is used that is 6 times larger
than pp — np, the ®= ny Br was normalized to the ® —xn°y Br

Gluonium allowed | Gluonium at zero
x?/n.d.f(Prob) | 3.9/3 (27.5 %) 13/4 (1.1 %)
using 72 0.111 4 0.036 0 fixed
W ->NY from QYp (406 + 0.7)O (415 + 0.5)O
Ag 0.79 £ 0.05 0.78 + 0.05
Py (3.15 + 0.10)° (3.18 £ 0.09)°
mg/m 1.24 + 0.07 1.24 £+ 0.07

)

B. Di Micco Fit to the gluonium content using PDG 2008 and new..Frascati- 16-1 2009



Pulls

L' =y =y L=y W —py)

" —py r{{ﬂ—}it““fl — Ll —=pry Wl -Er.'l—}‘.l't““fl —
Cig—n"yWIHo—ny) e =PI

L' —apWT{o—1'y) ] R R (0 ey W—
[m— r]“flfr{{ﬂ—}it““fl - [{m—y W Wm—}it““fl fe—
[{p—nyTi m—nl:"*fl — [{p—nyW r{{ﬂ—}‘.l't“"fl -
[{dr—nyV r{m—}ft““fl - [{dr—ny W Flf{r.'l—}‘.l't“"fl L
F{q}—nt"*,fl.f F{m—nt"*,fl - mp—m"ﬂ,rm"{ m—nt"*,fl

MK = KK " —K"y) MK —KYyWIHK"—K")

3 -2 -l 0 1 2 3 3 <2 -1 0 1 2 3
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‘E/ Results using KLOE Br(w— =w°Y)

KLOE Br(o— ©°y) = 8.09 % 0.14 %

30 away
PDGOS = 8.92 % 0.24 %
Gluonium allowed | Gluonium at zero
x2/n.d.f(Prob) | 4.16/3 (25 %) 13/4 (1.1 %))
ZE, 0.109 + 0.036 0 fixed
Op (40.5 &£ 0.7)° (41.4 £ 0.5)°
ZNg 0.935 + 0.025 0.926 £+ 0.023
Zg 0.83 &+ 0.05 0.82 £+ 0.05
Yy (3.3 £ 0.09)° (3.3 £ 0.09)°
Mg/ m 1.24 £ 0.07 1.24 + 0.07

No big effect on Z; but important contribution to Z_, ; and -
¢ mixing angle

21
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Conclusion and Outlook (KLOE 2)

Memo almost ready, will be internally published next
week for referee review (S. Giovanella & P. Gauzzi).

1) Measure ' — yy branching ratio that is the only one
pointing for the gluonium;

2) Improve ¢ —n'y through the measurementofn' —» n©=w n,
TRy, ©Y, 7, ® Tt n° (upper limit), n° «t;

22
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Fit procedure.

The y? is defined as follows:
. SN - T ) o th r—1 bk
X° = Zij=13 (¥i —yi") x Vii (v —v5")
Vij is the error matrix which is a function of theoretical uncertainties, as well as the experim

Vij = [Be;__,' + (Ajp X Cig % Aa)]

Experimental . A Theoretical parameters
covariance matrix covariance matrix

oyi" oyt ow" oyt Gyl

Full covariance matrix afs afy 0Cns 0Cs 02
B.. (correlation comes c A = Oy"  Dupt dwit o Oyt Ouy
I . y ik af. 8f, 9Cns 0OCs B5=
rom the constrained Guih g th th th 4
. | s Ys Yy iy o
fit to ' Br) af. 8fy 9Cns 0Cs 0=
C = Oy Re-evaluated at
kl— 5 each minimization
Oy step

23

B. Di Micco Fit to the gluonium content using PDG 2008 and new..Frascati- 16-1 2009



