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ﬂg/ The DAFNE machine and the

KLOE detector -

. olete—=¢)~3ub
. Independent ete rings
interactions

¢ DA®NE

L 32.5m

. crossing angle: 25 mrad, p (¢) ~12,6 MeV/c

- Bunch crossing every 2.7 ns IL&=25ﬁ1
. injection during acquisition

Vs=mh)=1019.4MeV

to reduce beam-beam

- 2 el
L =15210" em’s
Electromagnetic Calorimeter (EMC) Cryostat |

Fine sampling Pb / Scifi 0./E = 5.7%A E(GeV) —~—_ Barrel EMC =
Hermetical coverage ~ I |
High efficiency for low energy %+~ SApsNE(GeV)® 140?; —DRIFT CHAWBERY |, ()
photons al € ui &?//
oN 2 = S %
Central drift chamber (DCH) — i %
Helium based gas mixture / ==
g, =1mm o, /p=05% \_@;%EQ@ -
0,,=200 pm  O,=2mm ":Z;]m
215 m

Biagio Di Micco Rencontres de Moriond QCD

La Thuile, 19-03-2007



@ . Talk outline 5

. Scalar mesons physics

* Q> ][0(980)’)/ = 7071l ~  B.R. determination and

fit to the tm, Nt spectra [the 0(500) puzzle]
* ¢ —>4g(980)y = nay >S5Sy > Quark content determination.

4-quarks 2-quarks

-

* ¢=>(f+a)y >K Ky (KKy - w+n-n*n-y sensitivity evaluation).

. Pseudo-scalar mesons physics
+ n-n’ mixing angle and n’ gluonium content

¥ 1 mass
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+ The #°%72°% analysis

Kaon Loop y
% Lt
o <n
© ———
K

No Structure

Sto s Coupling ratio ﬂg(,:(gfog(% / o+ F
S to Kaons Isoxsxx s (55fo0r8)  R=Guoses/ Juona)
f, tomwa (1=0) ﬂfm=\/3/zﬂfm+n— a, tonm (I=1) oo

=\3 Hon070

Interfering background

\_/71'2(1)

/¢/w/a) p/p’/p

\_Af:m

T e T (2

T’

P PP IPES PRI IPEPITEE BT I rars: ararerars o
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M, * (GeV?)
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€l : Dalitz plot fit 5

Models: Improved Kaon-Loop (introducing the @ - 0(500)y) - “No Structure”

1,(980) param. NS model KL model AS systematic
: dominated b
An acceptable fit | | m, @) 981 - 987 976 - 987 the fit stabili%/y
IS obtained with
g (Ge1") 2.5-2.7 _
both models: ik KL systematic
p(xz)(KL)=]_4;% Finsn (GeV) 1.3-14 1.4 -2.0 dominated by
P(y?)(NS)= 4% g (GeV) 0.1-1.0 3.3.50 several versions
Lk of the fitting
R o/ 0.-0.9 3.0-7.3 model.

v 0(500) is needed in KL fit [p(y?) ~ 10* > 14% 1 EP7C49 (2007) 473
(best o0 parameters are: M=462 MeV, I'=300 MeV - Imposed to the fit);
v Integral of the |scalar amplitude|? evaluated

Bl"(cl)—> Sy-n’m y)=[ 1.07 0 0x (fit) 0 oa(syst) oos( mOd)]X 107*

With 8R(x'%z% )~ 1/2 x BR*mw~y):
BRG —> £,(980)) = (3.1 +3.5)x 10 , TP £,(980)) =12+ 1.6keV
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@l The f, »x'z"y analysis ;

Dominant interfering backgrounds

1,(980) signal

0.35

Evaits

3500 .
3250 ;
3000 ;
2750 ;
2500 ;
2250 ;
2000 ;
1750 5' 4 .
B ot i

1500

1251] - 1 11 1 4 L 11 PR 11

R ?$*#Hj+

1000

parameter KL NS mm) M eV) o mgrm) M eV)
my, (MeV) 980—987 973—981 L1 Mass values agree
= ggoKJrK—/ggowaﬂ— 22— 28 26— 44 ] (qfO?(+17(->cngJt+7t: )
9gtyy (GeVTH) - 1.2— 2.0 (1 “Large” coupling to the @

B R.(p~> £O80) > TCTTY)=2.1 - 2.4 x 10" ( | Amplitude |?)

In KL framework £,(980) parameters agree with TUTUY: R.> 1 (g5 > Hon+-)» MAsses and

integral of the scalar amplitude.



@l - The ya'y analysis 7

The a,(980) model parameters are obtained from the M, spectrum
Kaon loop (5 parameters)

a() cqaoycyc / ( 4‘77:) : gcpKK
Yooy ﬁ/cqaoyggl $T(¢ =P T n 7-(,'0)/); ® Jaokk
gaOnn

O (phase between scalar and vector ampl.)
(Achasov - Kiselev Phys. Rev.D68(2003)014006 )

5005_ # 400 ;
omn I A
wIL” 1Yy 500 - #ﬁ # 250 _+!+-_, BacKground
3 wi i ' == +,+;+?F ' subtracted
f(y ny 300 ./‘ * 150 .._++;*.-; 4 y
zoo;- N 100 . ;.i_.:: *
100 | ’... 52 :;m'.‘ .,.5_‘—

metapit

0650 700 750 800 850 %00 950 1000 1050
M, (MeV)

650 'ﬁlm 750 800 850 900 950 1000 1050

M, (MeV)
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@ . Preliminary results ;

N -Ny, = 13099 = 172 events ¢ =37.9%
L = (424.0 £ 2.5) pb? g, =3090nb Br(n—>yy) = (39.38 £ 0.26) %

Pa
Brip->nn'y) = (6.70 = 0.09,,, * 0.24, )X 10°
Systematics O Br/Br a0 Brip—>nn’y)
03 T — _
Bekyg subtraction 1.7 9 KK (Kalashnikovaet al.)

025 |

Photon efficiency curves | 1.2 9%

Analysis cuts 1.7 9% 015 4Gaq 0 O(10)
Luminosity 0.6 %
% 1 1" cMp-2 KLOE’00 KLOE "01-"02
¢ 2.5 % s .
Bri)=>yv) 0.7 % 005
~N _ -5
TOta[ 3‘7% ﬂﬂ ns 1 1% » 8 £ £ 4 48 s qq D 1 2><1O

KK (Achasov,Closeet al.)’ 0 O(10°)
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@ 'In progress: ¢ » (f,+ a ) )y>KKy °

v Kaon Loop model
BR(® - (f,+a,)y — K°K%) = (129 = 436)x10° @ 't (a,,< e Yyxk
(Achasov, Gubin Phys.Rev.D64:094016,2001) Ko © Gro@oikk
v Linear sigma model:
0y 0, \ — -8 (Escribano, hep-ph/0607325)
BR(P - (f, +a,)y - K°K)=7.5x10 $£CZOa$O PP

10

L=

Selection efficiency 24.2% 420 pb™* upper limit

expected 7 background events with 420 pb

Escribano

The whole data sample is 6 times larger.

With the whole statistics Achasov

scaled conservatively with VL

=] p— [ [ [ n =) ~ ]
mEm s e e
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€ ' 77! mixing and gluonium 10

The 7,n' mesons wave function can be decomposed in the
strangeness non strangeness base.

X,y = COs ¢¢ Sin pp

! — _
>= X,/ > +Y,/|s5s > +Z,/|gluon >
|7 rlaq q ar Y,y = cos g cos pp

1 >=cos pp|qq > +sin pp|ss > Zy = sin ¢¢
2 3
Br(¢9}77/) = R¢:C0t2 d)P'COSz(l)G — . (l)V : pn'

Comparing with other decay rates using SU(3) relations:

1 T 3 - . " ,r
L(n' — 4y)/T(7° — vy) = 5 (m ’ ) (5 cos g singp + \/2% COS @ COS P p)*
My ]

Cys m?2, — m? m,,
Ty — py)/T(w — 7'y) = —=—3 ( M

2 . 2
cos” ¢ sin” pp . .
m2 — m2 ?’”n’) P The gluonium coupling

COS Ly

,. ‘ 3 .
1 (m% —m? m, o is neglected.
5 Mg, — MMz My

tan oy - cos ¢ cos Y p|*
n
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@ Br(g-yy)/Br(g->yy)

11

427 Pﬁl ('01-'02 data) 1000 N signal (1o 6ek) E -
ARY) = 1.665X 10° o
(no bcKk) 600 |
N gt~ Ty §)= 375060 (N, = 345) ™ 100
M]'y ):3405 + 615 tati43syst 3:n 100 450 500 550 600 FI&GT'E{ Oss-n Ty s}so 980 1000
— 3
= (4.77 +0.09 , + 0.195115 t)><10
Using PDG BR(¢-7y) Accepted by PLB
— 5 -
Brip—>ny) = (6.20 £ 0.09, £ 0.25  )x10 (hep-ex/0612029)
Systematics are dominated by knowledge of n,n" branching ratios
Previous KLOE results R=(4.70+0.47, +0.31,) 10"

Phys. Lett. B541 (2002)

1200

BR¢ - n'y) =(6.10£0.61+0.43) 10
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Fit results $p=(39.7 070" ginzy_=72=0.14 + 0.04
9l = (22 £ 3)

49% y? probability 1% y? probability

[N 1

N : . / {2 l_ml"(n’—mv)ﬂ“ (0->my) S KLOER,
0.9 F = Hr=mte=mns e - T (=T (% —vy)
= 0.2 - N BT -
0.8 F - F(n’epy)/F(aHﬂOV)le . sl (> ay)T (@ 1Y)
E R A5 E 1 _ ﬁ_l"‘
0.7 E o T o E e [
06. ;—h_r(néa)y)/r(weﬂoygﬂa ;.-.“...;_‘_...::_I-_-_;-;';_-.-.ﬂ“' | "-..._._ 08 __
R I [
0.5 F =i [
04F 06 inposing Z=0
F [ 'z
0.3 F i
: 0.4
0.2 E [
0.1 02 O,
0 AR | [ECAE TR N TR T T ] X /
30 32 34 36 38 40 42 44 46 48 50 N oo .xn”
Op 0 02 04 06 08 1 12
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p

$@ . Status of then mass measurement

The two most recent and precise measurements show a 8s discrepancy on the » mass :

GEM [COSY, Julich] —

% = (547.311 + 0.028 + 0.032 ) MeV/c?

[M. Abdel-Bary et al., Phys. Lett. B 619 (2005) 281]

Missing mass inp +d = 3V
NA4S8

M, = (547.843 £ 0.030 + 0.041 ) MeV/¢

[A. Lai et al., Phys. Lett. B 533 (2002) 196]

5465 5470 5475 5480 5485

Using =37 from 7=+ p =71 +n
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» Measurement of the » mass.

p-=>ny m-=>yy) > n mass

1.1

¢ =a'y (W' =>yy) > nmass P <E<E L'
+* The photon energies are over 12 3 s

constrained by a kinematic fit which links o o
the energy to the position and times of the I -
clusters. Z: i in
*» The time scale and t, is calibrated run by run 04 o L (;
using ete - yy 03 ¢G5 01 o'lj 03 o MGQ;S_I
+ The mean position of the interaction vertex | =
Is determined by Bhabha events and cross- WMM
checked with n* 7z~ y events. =t | }4

+ The dis-alignment of the calorimeter respect

events/ (62.5 KeV)

200 | I
150 — M}(’M

to the Drift Chamber is evaluated using =+ 7~y wl Y WM

comparing the extrapolated tracks with the 0 M *l“w«

cluster position. ) P
M2 MeV
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¥ - Results and systematics 15

The result is dependent from the knowledge of the sqrt(s). Systematic table ex/fot.ar)

It is calibrated using the resonance curve of the ¢—=K. K . cuorimeter calibration 1%
Calorimeter lineari 1%
mih) = 1019.483 + 0.011 + 0.025 MeV/& Y
Vertex, position 1%
CMD-2 Phys. Lett. B578, 285 ‘% Azimuthal dependence 18 %
Q Polar dependence 8 %
Mr°) =(134990* 6, * 30,,)KeV %J itz plot cut + corr. 67 %
M) = (134976.6 = 0.6 ) keV
2
M) = (547822 £ 5, % 69, ,)KeV
@ NA48 Compatlblllty 0.24 0 N KLOE - 2?
s Independent measurement with the y-z*z-7"decay o
mOde |n progreSS' m’7= 54795 + 015 MEV/CZ N R N MAMI 95 42
(very preliminary fully in agreement with the yy channel) T K """ ii"_;‘:““” [:
s w48 5491%;

T mass (MeV)

Biagio Di Micco Rencontres de Moriond QCD La Thuile, 19-03-2007



@l ' conclusions 1

—

+»KLOE confirms large value for the ¢ coupling to a, and {

(both charged and neutral) that are predicted by the 4

quarks model;

» The o is needed to describe the observed ¢—>f y->n’a"y

spectrum in the KL approach;

» We should reach the sensitivity to probe also f,— KK in

the ¢ decay;

+* KLOE data combined with other decay ratio indicate a
presence of a small gluonium content in the ' meson;

* The experimental puzzle on the » mass is confirmed, now

we have two clusters of measurements 8o away.
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| . outlook 17

- |- = :-'
e,

250 pb* @vs = 1 GeV, 4 scan points around m(g)

* oy without the background coming from the ¢ ;

* yy—=nm to search for the o meson;

+ ete—»wa’cross section measurement;
» Study of the f, and of the FSR.

On peak data 2 fb*

« Combined fit to #°%z°and n*x~ f, channels;
« Search for f a - KK;
« 179‘7-[4‘ T~ e+ e',nenoyy,nee+e—;y’n9e+e—e+e-

« Dalitz plot analysis »'-=mmy (extracting scalar mesons
contribtion)
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I Perspectives KLOE 2 18
Technical proposal

* Factor 5 peak [uminosity increasing changing few components of the

machine and the Interaction Region

» Minimal detector upgrade (Inner tracKer, EMC read-out, yy tagger)
Physics program

* Testing Quantum Mechanics through Kaon interferometry

* Lepton universality, CKM matrix, unitarity and rare Kaons decay
(K=>n’ 7’ 7°)

« Hadron cross section (up to 2 -2 .4 Ge'V), o through Bhabha scattering.

* Scalar structure viayy interaction, ] and 1’ decays

¢ baryon electromagnetic form factors, e'e — pp, nn, \N/\
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@ scalar physics at KLOE

® - f,(980) y; f,(980) (I=0) —TCT®, TC TC

P - a,(980)y, a,(980) (I=1) - N1t

— Quarksin1l

What is the quark content? Q ’p, orbital angular
Not trivial f , a_almost degenerate, mc_>mentu m, 1

0" "o spin state
but f heavily coupled to the KX channel.

f a
. 0 0 —

Alternative approaches Sird) St
Thedeay mte— Sy can distinguish KK mokaiks

(Achasov- Ivanchenko, NPB315 (1989) 465)

Y 5
Ky 9 ‘4-‘:917,3 _

3 U
.
A ___é____ li,d 5
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Table 3
Fixed parameters used in the fit for cos? pg and cos? pp

L) AL i ) ] I’ 2
Parameter fq s Cns Cs =

L

Value 1+0.01 1.4=x=0.014 091=x=0.06 039=x0.07 1.24+0.07

NS’

C. OZI rules effect reducing the vector and pseudoscalar function

overlap

f, T, are the f, pseudoscalar decay constant after a rotation in the
q,s base.

<0[)7 5(0)[P(p)>=if,p, a g
<0[)75(0)|P, (p) + P(p)>=if.p, (fg fg
<0])2 ,(0)[P,(p)> = if9,p, v Ly

f,cosp, —fSing,
f,sing, f,cos¢,
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Proposalto upgrade DADONE in lum mosity (@and energy)

—

DANAE Letter of Intent

C. Biscari, D. Alesini, R. Bedogni, M.E. Biagini, R. Boni, M. Boscolo, B. Buonomo,
M. Calvetti, M. Castellano, A. Clozza, G.O. Delle Monache, E. Di Pasquale, G. Di Pirro,
A. Drago, A. Esposito, L. Falbo, A. Gallo, A. Ghigo, S. Guiducci, M. Incurvati, P. lorio,
C. Ligi, F. Marcellini, C. Marchetti, G. Mazzitelli, C. Milardi, L. Pellegrino, M.A. Preger,

L. Quintieri, U. Rotundo, R. Ricei, C. Sanelli, M. Serio, F. Sgamma, B. Spataro,
A. Stecchi, A. Stella, S. Tomassini, C. Vaccarezza, M. Zobov, INFN-LNF, Frascati, ltaly

49 authors

E.B.Levichev, N.A.Mezentsev, S.A.Nikitin, P.A.Piminov, D.N.Shatilov,
P.D.Vobly, BINP, Novosibirsk, Russia

. . . B. Parker, BNL, Brookhaven, UUSA
4 Institutions

J. Fox, D. Tevtelman, SLAC, Stanford, USA

Energy @ centerofm ass GevV) 1.02 24
htegrated Lum mosity peryear (fb?) >10 >1
Totalmmtegrated lum inosity () >50 >3
Peak lum mosity (m %s?) >10° >10%
E———————————————————————————————— —————————— ———
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"

A lemative proposalto upgrade DADNE in lum mnosity

—I
proposal by P. Raimondi

Crabbed waist scheme at DA®N .-
- Increase L by a factor O(5)

- requires minor modifications
- relatively low cost

- Crabbed waist is realized with a sextupok m
EXperImental test at DA®NE phase with the IPmX and atT/2 mY
In autumn 2007

If successful KLOE- 2 data taking
could start already in 2009
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\, ¥ EoIHrKLOE-2 atupgraded DADNE

E:":['I]'E":-i!‘iiil]'l |"|:- T]]TE"I'I"-'\.T
for the continuation of the KLOE physics program

at DA@NE upgraded in luminosity and in energy

March 31, 2006

72 physicists

12 institutions
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V.Babkin, V.Golovatyuk, IL.Tyapkin
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F.Bossi, P.Campana, G.Capon, P.Ciambrone, E.Dané, E.De Lucia,
P.De Simone, D). Domenici, G.Felici, J.Lee Franzini, A.Mostacci®,
S.Miieller, F.Murtas, M.Falutan, V.Pateraf, M.Poli Lener,
P.Santangelo, B.Sciascia, A.Sciubbal, G.Venanzoni, R.Versaci
Laboratori Nozionali di Frascati dell’ INFN, Frascati, Ttaly
t also Dipartimento di Energetica, Universita’ “La Sapienza”, Rome, Ttaly
P.Beltrame, A.Denig, W.Kluge, D.Leone
Institut fiir Experimentelle Kernphystk, Universitdt Korlsruhe, Germany
S.A Bulychjov, V.V.Kulikov, M. A Martemianov, M. A Matsvuk
Institute of Theoretical and Erperimental Phystes, Moscow, Russia
C.Bini, G.De Zorzi, A.Di Domenico, P.Franzini,

P.Gauzzi, E.Pasqualucei, M. Testa
Dipartimento di Fisico, Universita’ “La Sapienza™ and Sezione INFN, Rome, Ttaly
A" Angelo, R.Di Salvo, A.Fantini, R.Messi, D.Moricciani
Dipartimento di Fisico, Universita’ “Tor Vergata” and Sezione INFN, Rome, Roly
P Branchini, F.Ceradini, B.Di Micco, E.Graziani, M.Iodice,
F.Nguyen, A.Passeri, L. Tortora
Dipartimento di Fisica, Universita’ “Roma Tre” and Sezione INFN, Rome, Itoly
AGo
National Central University, Taiwan
L.Kurdadze, D.Mchedlishvili, M. Tabidzet
Thilisi State University, Georgio
t High Energy Physics Institule of Thilisi State University, Georgia
H.Calén, K Fransson, B.Héistad, T.Johansson, A.Kupse,
P.Marciniewski, J.Zlomanczuk
Department of Nuclear and Parficle Physics, Uppsala University, Sweden
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