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Motivations: open issues

Is 0(600) the lightest scalar meson?

Do o, a,(980) and £,(980) belong to the same qQ °P, nonet?

If so, why is the mass spectrum inverted?

If not, is their structure nonconventional?
Alternative hypotheses: QQQqQ states (Jaffe, Achasov et al., Maiani et al.)

KK molecules (Weinstein-Isgur, Close et al., Kalashnikova et al.)

¢-factory = study of £,(980)[+0(600)] and a,(980)

from radiative ¢ decays
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Models for the observed spectra

1) Kaon Loop [KL] 2) “No Structure” [NS]
[N.N.Achasov, V.N.Ivanchenko, NPB315 (1989) 465] [G.Isidori, L.Maiani, M.Nicolaci, S.Pacetti,
[N.N.Achasov, V.V.Gubin, PRD 56 (1997) 4084] JHEP 0605 (2006) 049]

dipole transition (« E?)
damped by loop function,
propagator accounts

for opening of KK channel .
a, (fy) “couplings” to KK, nm (m)

and to ¢ =|ss>
is the o(600) needed to describe
the mass spectra?

Federico Nguyen
09-10-2007

0 @
®
S« o
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damped by polynomial
terms, propagator
accounts for opening
of KK channel



The £,(980) — nt* =~ analysis

-

2 tracks with 6>45°; missing momentum matching

event selection:

photon direction, with 0, >45°;

e'ey events rejection on calorimetric basis;

wruTy and - m? SUPPI"@SSCd by means of : o W wm s
kinematics;
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Results for the £,(980) — n* - analysis

fitting function: 800
[ KL:
dN _ dojsg ~ doysr | dopx 600 x min /dof 538/483
—— = Lince(m + y
dm dm dm dm =4.2% |
INT 400 |
dogeal i (/walH?SR
dm dm 200
0
v peak at M_ ~ 980 MeV due to ¢—1,(980)y, 900 950 1000
with negative interf. with FSR 800 NS:
v in both models the f,(980) is strongly coupled 600 [- -2 . /dof = 533/479
to kaons and to the ¢ P(x? > %% = 4.4%

400
v  introduction of the o(600) does not improve

the fit 50

llllllllllllll
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both fits are satisfactory in 0 &
describing the f,(980) structure 900 050 1000
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The £,(980) — n0x° analysis

a) 5 photons from the interaction point

b) 15t kinematic fit with 4-momentum

M, vs. M, Dalitz Plot Fit,
bin widths: 10 MeV (M,,) x 12.5 MeV (M,,)

conservation

c) 2" kinematic fit also with constraints

on n® masses and cut x2/dof <5 4 x 10 events from 450 pb-!
. , : o 067 d — f,(980)y — nOny
My (GEV) | \s = 1019.6 MeV =k
08} g
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Results for the £,(980) — n®x? analysis

S V I

n/KK scattering phases and o(600) fixed do n do 4 do
AMrzdMry  dMrrdMyy — dMzrd My,

(m € [400,710] MeV, T € [240,490] MeV) from fits

to published KLOE ¢ decays and to existing ! Dalitz slices: * Data — Fit
nire scattering data [Achasov & Kiselev,

54
PRD73(2006)054029] — 10 model variants 1500 1550 1600 1650 1700 1750

734

KL: NS:

w2 Jdof = 2754/2676 2., /dof = 2799/479 ®Heao  isso O s T
P2 > %°in) = 14.5% P2 > %) = 4.4%
KL (in particular):
v'the 6 fit variants with P(x?)>1% are kept .,
v'best fit result — central value Il ik il sl iU
v'maximum variation among fits 231.922400 e P mm o
— model dependence uncertainty '

0||||||||||||||l|||||l||||||l|||
2700 2720 2740 2760 2780 2800 2820 2840 2860

Mm bin
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Summary table and comparison

KL fit results: confidence intervals are given by exp. systematics,
70rt%: 0(600) [but with fixed except for KL in the 7z’ channel: model dependence
values] needed to describe data,
st~ not sensitive to 6(600) ©. Parameter Ty :n:°:r|:°y\

E My (MeV) 980—987 976.8 + 0.3:22}+10.1
both channels: £,(980) = 2o (GeV) 5.0—6.3 3.76+ 0.04*
strongly coupled to KK g g, (GeV) 3.0—4.2 ~1.43+0.01°]!
2o/ g 2228 6.9+0.131 '3
NS fit results: 2 Parameter Ty 070y
both channels: only f,(980) g Mp (MeV) 973—981 984.7 + 0.4*%
sufficient to describe data E Lok (GEV) = 0.40 + 0.04°52
7 e (GEV) 0.9—1.1 1.31+0.0170%
rimd wrt str: larger gy o Lo/ Lo 2.6—4.4 0.09 +0.02*0:42
but weaker KK coupling Z 2,0, (GEVY) 2255 2.61+0.02*3
marginal agreement
/”O(g; ﬁ between the 2 final states Federico Nguyen 9
2o 1 [0S 09-10-2007




News for the £,(980) — n®n0 analysis

2 changes in o couplings with respect to Achasov paper [PRD73(2006)0540291:

" Co, = —0.047 GeV?  (was +0.047 GeV?) [private communication]

mg =2.1GeV (was —=2.1 GeV) [PRD 74 (2006) 059902(E)]
published result —y M;, =(976.8 = 0.3, + 0.9/-0.6,, + 10.1,,)MeV
Zoksk-= ( 3.76 £ 0.04; +0.15/-0.08, + 1.16/-0.48 ;) GeV

preliminary update

g0 =(-1.43 =0.01, +0.01/-0.06__ + 0.03/-0.60_ . ) GeV

syst

M, =(984.7+ 1.9,,)MeV v 8 fit variants with P(%?) > 1%
Sori—( 3.97+043_ ) GeV v variants average — central value
o =(-1.82+0.19_ ) GeV v variants RMS — model

model uncertainty reduced of factor ~ 5 in dependence uncertainty

Federico Nguyen 10
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News for the £,(980) — x* - analysis

a) improved KL parametrization implemented also for w*n™y events
b) acceptable x? with reasonable ISR+FSR parameters

Mo (MeV)  grouk (GeV)  Gron, (GeV) M, (MeV) I o B A PO
983.7 4.74 -2.22 772.5 1442 1.64 -0129 47 2.5%

preliminary update

lls‘]]lll|a])| "-'i-"'--"-"'-"-n llmllllltlxm 11 [ L1 R R R T T A T ]
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M(rer) (MeV)

\/

< results in better agreement between the 2 analyses

\/

< ¢ — pminterference with Scalar and FSR amplitudes to be considered
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Forward backward asymmetry

A(ISR) is C-odd

C__=+1

T

A(FSR), A(Sy)

are C-even

N(0_+>90°)—N(6_,<90°) |2 : 5 | Simulation FSR+ISR+
AFB=TJ (6_+>90°)+N(_1<90°) B * I scalar(KL) \f%% g

0.2

0a | Meie . A
v Clear signal in the f,(980) ] S, (980)
mass region [ det , region
v Discrepancy at low M__ 01 A ' * Data
disappears including f,(980) f \ . ] o A ISR+FSR
0 | Simulation FSR+ISR 5 ISR+FSR-+,(980) KL
C_ | " " i | " " " | 0 " PR—— | B PR PR e |
M (MeV) M (MeV)

|G.Pancheri, O.Shekhovtsova,

& @ G.Venanzoni, PLB642 (2006) 342]  [ederico Nguyen 12
\ 09-10-2007

®
$o/11[8



Forward backward asymmetry - improved

A(ISR) is C-odd

Ay N(O4>90°)—N(B,+<90°)
FB= N(0_+>90°)+N(0,+<90°)

vIncluding KL model with o and f,
parameters from the %0
analysis and VMD terms

|G.Pancheri, O.Shekhovtsova,
G.Venanzoni, 0706.3027]
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The a,(980) — n zi° analysis; n — yy final state

a) 5 photons from the interaction point §800 « Data +++

b) 15t kinematic fit with 4-mom. conservation =700 | ;)‘_)Z((;T; 0;;27[:5:’7507 ﬁ’f +

c) 2" kinematic fit also with constraints 600 | d—ny ; N1’ ##‘M t
on n, n® masses — global ¢ ~ 40% P eomy Moy *#ﬁ +

400 |

d) 3 x 10* events from 414 pb!
e) large background ~ 55% from final
states with5or 7y 100

- A5 : %30 700 750 800 850 900 950 1000 1050
E 400 M—vy) " Mnn (MeV)
350 P %
. oy .
300 | ?:
250 : . -f
- ® : r
a9 KTy 1 oM event counting
o, o' ]
il 7 BR(¢p = nz'y) =
100 ;.' we® ; .
50 .“_;.' o~ 4 (6.92 = 0.10” + 0. ZOSyS) x 10
% Raoadlls, J
%s0 700 750 800 830 900 950, 1060 1050 ederico Nguyen 14
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The a,(980) — n 0 analysis; n — a*w a0 final state

a) 2 tracks + 5y from the interaction point E
S 160 - 0 data %
<t Li NPT :
b) 15" kinematic fit with 4-mom. conservation w | +bekg. (MC) %ﬁ%
c) 2" kinematic fit also with constraints o | PL% %
on n, n® masses — global ¢ ~ 20% i %%L
d) 4.5 x 103 events from 414 pb! 80 |- %ﬁ%ﬁ% %
e) small background ~ 15% from w(—=n*nx-n’)m’ 60 %% ﬁﬁ %
and KsK, — 2 tracks + 2-3 n®
g 200 —
K188 o, 700 750  S00 80 900 950 1000
160 | o M(nn) (MeV)
140 | | q_“-.. J
120 ol L
100 | o ‘ —— f
80 | .o ¥ . rom event count+:
. <] 0 Un.h
60 | ;‘J i BR(¢p = nm'y) = g
O e a b (7.19+0.17,, +0.24_)x107
20 .~o>~v.¢.0. . : y
f 0l AP ¢ ——0_ Federico Nguyen 15
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Results for the a,(980) — n = analyses

a,(980) parameters extracted from a simultaneous fit
to both M, . spectra (efficiency + resolution accounted)

Parameter Kaon Loop No Structure
free parameters:
M,, (MeV) 983 + 1 983 (fixed)
Ratio BR, _, .../ BRy, _, .0 70 2.0k (GeY) 2.16 = 0.04 1.57 £ 0.13
BR(¢p — pnt? — nndy) Zonz (GEV) 2.8+0.1 2.2+0.1
Zoary (GEVY) - 1.61 = 0.05
KL: 6
M r BR(¢—pr—nmy)*x10 0.9 + 0.4 4.1 (fixed)
20° ga ga couplings
NS, 07 Sa0RE Sainz BR(n—yy)/BR(M—> ) 1.69 = 0.04 1.69 = 0.04
' . 2/Ndf 156.6/136 146.8/134
MaO’ g(])aOy 8a0KK gaOmc COllpllIlgS
P(x2) 11% 21%
a
}‘OE — Federico Nguyen 16
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Comments on a,(980) results

v' good consistency between the two analyses:
experimental systematics is under control
v small VMD contribution (when fitted)
v BR(1 — yy)/BR(n) — w*nnt’) consistent with the PDG
Y Zaokk ~ 225 Saoki/Baons ~ 0-8 = in conflict with qqqq hypothesis
(different from the f,(980))
v large BR(¢ — n’y) and g, values (as for the f,(980))

Meson gomy (GeV)
/ 3 " | n® 0.13
) 3 2m, | , . .
Sy — 2 3 I'e—>My) < |n 0.71 increasing
| G\ My~ My n’ 0.75 s quark content
L :
a,(980) 1.6
fo(980) 1.2 - 2.7
}f% @ Federico Nguyen 17
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Conclusions and outlook

< Extensive study of f,(980) properties with 2001-2002 KLOE data:
> First clear evidence of the ¢ — f;y — w* -y process both in t* - invariant
mass and in the forward-backward asymmetry, not sensitive to c(600)
» The data sample allows for an accurate Dalitz plot analysis in the 7° ¥ final
state for the first time: fixed 0(600) parameters give better fits
» Combined fit coming soon..., appetizers presented here:
v" Large reduction of theory spread in the neutral channel

v Good agreement between the 2 channels using the same KL model

% Analyses of ¢ — a,(980)y — n ny performed with different | decay channels:

» Good agreement btw the 2 analyses (different systematics) — combined fit

» Preliminary results show sizeable s quark content for the a,

Federico Nguyen 18
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Future prospects - KLOEZ2

 New scheme to increase the DAONE luminosity by a factor O(5) has
been proposed (crabbed waist collisions) = test in Autumn 2007

* Ifsuccessful, KLLOE-2 data taking could start in 2009

(upgraded detector: Inner tracker, Tagger for yy physics, Calorimeter

«  Observation of ¢ — (f,/a,)y — K"Ky
« Search for the 5(500) in e'e—e e '’ (yy » 0 — 1w’
* [If the high energy option (up to 2.5 GeV in the c.m.) will be exploited

= measurement of I'(f,—vYy) and I'(¢, —vy) through yy— f, ,a,

Federico Nguyen 19
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News for the £,(980) — n®x® analysis

2 changes in o couplings with respect to Achasov paper [PRD73(2006)0540291:

" Co, = —0.047 GeV?  (was +0.047 GeV?) [private communication]
mg =2.1GeV (was —=2.1 GeV) [PRD 74 (2006) 059902(E)]

M;(MeV) Jrok+k-(GEY) | 5o run(GEV) P(x?)
old Cy, 976.8 + 0.3 |3.76 + 0.04 |-1.43 +0.01 14.5%

oldg, 984.5+ 0.4 |4.53+0.05 |-1.90+0.01 |0.9%

.

new C,. [984.5)=0.4 [4.01=0.10 |-1.79=0.02 |58%
newg__ (982104 [3.99=0.09 |-1.79=0.02 @3@

more stable f, parameters within different model assumptions

Federico Nguyen 20
09-10-2007
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News for the £,(980) — n®n0 analysis

+ 10.1_ ) MeV
+1.16/-0.48_ . ) GeV

published result —_ w1, =(976.8 = 03, + 0.9-056,,
preliminary update Sork— ( 3.76 =0.04. +0.15/-0.08

syst

l Eromen. = (~1.43 £ 0.01, +0.01/-0.06_ + 0.03/-0.60,, , ) GeV
L T
M, =(984.7% 1.9_.)MeV ; ”H H " H I
Zokik-— ( 397043 ;) GeV 0y80 081 082 983 984 985 086 987 088 989 990
Son = (~1.82 £ 0.19_ ) GeV M;) (MeV)
&l s fom
v 7 fit variants with P(y%?) > 1% i H H H f ”
v variants average — central value R S CEaeE
v variants RMS — model . Sk (GeV)
dependence uncertainty cyor ~ o o e
ed of T8 \ings -
ainty reduC3 . ¥he couP
d\ucef {0 or ~ Or.m |H||
(g N\ 0 0“ N 6-; N75 -2 -1.5 -1 -0.5 0
. £ ederico Nguyen 21
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Branching ratios

x10 "BR(¢—nnly + wmy)
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Couplings

grrx ~ 8

Jom'm

Sokk/ Smsn.

KL

— KLOE 7'zl
— KLOE 'y
(Syst. Included)

»

S
KL {

(fo=uu+dd)

0.5
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| I PREPRIPUS PRI T N VR TP S U WS U N Y

CMD-2 (1999) : 1.90 £ 0.16
SND (2000) : 2.14%+0.19
BES (2005) : 2.05*0.11
Jy—=onn, )K'K)

g(IOKK < gaonn

€0k ! Saomn

14

08 |- 5
0 114D

ek (LM Esqribano)
04 |- KLOE KL fit KLOE NS fit
0.2 |

- (Systematics not included)
0 PR e | P vy | O | P
( SND (2000) : 1.33%£0.92)
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Models

8 {
0]
g(m’)e*= T ° Bskk
- K-

P,e gwpp

 Kaon loop

\I s gSK-K gSPP

= Ds(mz)

(Achasov - Ivanchenko Nucl.Phys.B315(1989)465,
Achasov - Gubin Phys.Rev.D63(2001)094007,
Achasov - Kiselev Phys.Rev.D68(2003)014006 )

P

et 0 S/ 1\1,2 ° Bosy

e “No Structure” ® Zspp
T,

Y 2 2
e 51\1@ Sspp8ssy . € e m —mg

4F, D, (s) D,(m*) m’ mf

@

My =

(G.Isidori et al., JHEP0605(2006)049)
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Dalitz fit: KL model

« Kaon Loop with ¢(600) contribution
My, = g(nlz )eiém ZgSKh Gsls S'nn
$,8'=fy 0
(8, takes into account for both pp and KK scattering)
c(600) and pp and KK scattering parameters fixed to the values
of Achasov-Kiselev PRD73(2006)054029
 Interfering background (VDM parametrization)

70

O 21) € \_/ 2(1)
/ p/p’/p"\\ /{/0)/0)’/0)\\

™) ™°12)
. Free parameters: Mg, ngK, Zop T 7 VDM parameters

Federico Nguyen
09-10-2007

25



Dalitz fit:

NS model

“No structure” :

o o
S fora Sy

v.(m)

IDQ ibl

ib,
c,e

)I: S—Ill2
e = )Dfo(mz)

2 b
m,

(0

Scalar term: B-W with energy dependent width:

VP(m) o \’/m f -

v..(m)+v ,(m)

2
Smm

Background: same VDM parametrization as Kaon loop

Free parameters: Mg, 8,4, 4.5 Soa» Cos €15 b; + VDM parameters (b,
can be expressed in terms of other parameters)

Federico Nguyen
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Structures

qq case: qqqq case:
| G - 10 e = o it o —
f, =———=(uu+dd)sing, +ss cos@, f, =——=(uu+dd)ss sing. +uudd cos@
\/5 S S 0 \/E S S
c : (uu +dd) cosg, +ss sin@ 1 (uu + dd)ss cos@, +uudd sin¢@
= SQ. +88 ¢ . c=——(uu $S cos@. +uudd sing,
\/5 S S \/E S S
8 f.xn _ —2sin@, & fynn —\/Ecotq)
gfoKK \/ECOS([)S - Sill(ps ngKK ;
L (uu —dd)ss
—(uu—dd)ss:
V2
Sur 2 cosg, = 154
a, patterns: Barkcx
1 =
—— (uu—dd)

B _ 3 sing, = 0.90
gaoKK

assuming ¢, = 39.7° 27




