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¥ /— |The DA®NE o-Factory (1)
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Frascat d-Factory complex

Design parameters: : [
i 250 MeV e+
Egeam ( MeV) 510 14 800 MeVe
Max n. of bunches 120 sl
Bunch spacing (ns) 2.7
Bunch current (mA) 40 TEST
Single bunch L (cm™2s™1) 4 .10%Y s Al
DAGNE] - [ F—

.y \s

N )

ACCUMULATOR
S10 MeV

.y,

Total L (cm™2s~') 5.10°2

Photon 2001, Ascona Detection of ¢ — a( (980)7, f(980)~ and ¢ — n(547)~, n’ (958)~ with the G. Lanfranchi
KLOE detector at DAPNE Laboratori Nazionali di Frascati



I/ﬂ— ‘The DA®NE ®-Factory (||)|

Actual Performances:
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‘ 2 The KLOE Detector
(— I';

.
YOKE
S.C. COIL
Cryostat
Barrel EMC E
r =
— N .
—DRIFT CHAMBERS |, 2 X N
E | 128 - | “ewse
g & o |
i o L] L] L] L L
NS S| Lead/Scintillating Fiber Calorimeter
& % r k
1.69 m
1.92m X
215 m

ox/E = 5.7 %//E(GeV)

o = 54 ps //E(GeV)® 50 ps
op/p = 0.4%(90° tracks)

He-iC4H;o Drift Chamber

Photon 2001, Ascona Detection of ¢ — a( (980)7, f(980)~ and ¢ — n(547)~, n’ (958)~ with the G. Lanfranchi

KLOE detector at DA®NE Laboratori Nazionali di Frascati



¢ — ag(980)~, fo(980)y @ KLOE: motivations

. /— Detection of

e The study of the radiative decays of the ¢ to the scalar mesons
ao(980) and f,(980) allows us to clarify the nature of the two mesons.

o Precise measurements of the rates BR(¢ — agy), BR(¢ — foy) and
their ratio allow us to discriminate among different models:

qq state — BR < 107° N.A. Térnquist, Z. Phys. C68, (1995), 647 .

qqqq states — BR ~ 2 x107%,
R.L. Jaffe, Phys. Rev. D 15 (1977), 267;
N. Achasov et al., Nucl. Phys. B315 (1989), 465 ;
R.L. Jaffe,M. Alford, Nucl. Phys. B 578 (2000), 367 .

KK molecule — BR ~ (0.4-1)x 1074

J.Weinstein and N.Isgur, Phys.RevD27 (1983), 588
F.E. Close et al., Nucl. Phys. B389 (1993), 513 .

A compact qqqq core surrounded by a K K cloud
F.E. Close et al., hep-ph/0106108
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'/— ‘Detection of ¢ — ap(980)~, fo(980)y @ KLOE (I)I

e L =16.6 pb~! out of ~ 30 pb! collected by the end of 2000 have
been analysed, corresponding to ~ 50 millions of ¢ meson produced.

e Detection of f3(980) and a((980) has been performed in the channels:

¢ — foy — m'n vy — 5y
¢ — agy — nmly — 5y

e These analyses are being finalized to measure both the
BR(¢ — fo(980)v), BR(¢p — a¢(980)~) and the invariant mass
spectra.

e Since the invariant mass spectra depend strongly on the mesons
structure, the analyses follow a scheme independent as much as
possible from any model.
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‘Detection of ¢ — a¢(980)~, fo(980)y @ KLOE (II)I

o Signal selection criteria:

(|7 — R/c| < 50o) and in the acceptance region (21° < 6 < 159°).

nmy;

intermediate masses (7%7" or ") constraints.

e The main backgrounds :

1. Selection of events with 5 clusters on calorimeter in a appropriate time window
2. Photons pairing to look for the best combination in the hypotheses 7°7%~ and

3. Constrained fit requiring promptness of photons, 4-momentum conservation and

Process S/B* Process S/B*

¢—>f07—>5707070 . - ¢ — agy — Ny -

SRS B 6 — o0 - 5.3

¢ — p T — Ty 3.7 e+e_—>w7r0—>777row 71

¢ — apy = nr’y — 5y | 35 ete” — wr'n’y 0.14

o — WOV 0.10 b — pOT('O — 7TO7TO’V 1

¢ — Ny — 7TO7TO7TO’7 0.023 ¢ N fOfY — 770770fy 0.27
*Derived from SND measurements: ¢ — Ny — Yy 6_]_><1()—3
M.N.Achasov et al., Phys. Lett. B485 (2000), 349 by — 7rO7TO7TO’7 75%x10~3

M.N.Achasov et al., Phys. Lett. B479 (2000), 53

KLOE detector at DA®NE

Detection of ¢ — a(980)~, fo(980)~ and ¢ — n(547)~, n’ (958)~ with the

G. Lanfranchi

Laboratori Nazionali di Frascati




-

e Analysis cuts:
1. Xan,/ndf <5;
2. | Mo — M| < 5o0;
3. cos Y,,0>0.4;
)
- LlJ o
1y TC
4. etem — wr’ veto:

reject events which survive the cuts:
- x2 .. /ndf < 3;

0

- |My —MW07| < 3o0.
5. further cuts to reject
_|_

ete” — yy(7) events.
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‘Detection of ¢ — f4(980)y — w°n%y @ KLOE (III)I
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‘Detection of ¢ — [4(980)y — w'’n%y @ KLOE(IV)I

e Analysis Efficiency:

- The analysis efficiency is evaluated

from Monte Carlo as function of M,
in bins of 20 MeV.

Decay €analysis
¢ — foy — 07V 39.7%
ete™ — wn' — 70x0y 1.2%
¢ — pr¥ — 7070 4.9%
¢ — agy — nmoy — by 1.9%
¢ — ny — momomly 5 x 1074

[EEY

>
S S RN R SA AT S SR
S N iy *
=08, 4 R SR IR SR
W IR IR I
[ ! - |
I ¢ $ } t
0.6 —# + +
04 . I SR ;
b . Filters
0.2 - . Szampleselection
- e X° cut
* Bckg rejection
Total
07OOI - I750I - ISOOI - I850I - I900I - I950I - ZII.OOCI)
M_ (MeV)

The total efficiency variation is ~ 30%.
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./— Detection of ¢ — f,(980)y — w°w%y @ KLOE (V)

Entries 2224 r Entries 1967

Data - Monte Carlo comparison: 300 -

200 |
In order to rule out the dependence of 200 l
the Monte Carlo distribution shapes on 100 | 100 1
the fo model we proceed this way:

0 2 4 6_8 10 O700 800 900 1000

1. Subtract the expected background X“/ndof M, (MeV/c)
from the observed M. distribution. e 567 [ (e 157

150 | M
; 200
i +

2. Evaluate for each bin in M. the scale
factors that, applied to the MC M,

100 |
100 [

shape, reproduce the M, data distri- 50 | l
bution. y ===
-1 05 O 0.5 1 0O 02 04 06 08 1
3. Apply the scale factors to all Monte cosd cosy)

Carlo sliced histograms to reproduce all
the spectra.

e ¢ — foy (data) — & — foy (MC)

— ¢ — pm’ — ¢ — agy
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./— Detection of ¢ — f,(980)y — w°w%y @ KLOE (VI)

Results: -

_ 200
e N=1967 events survive the analysis with -

305 £ 13¢t5t expected background.

e The BR is evaluated using the o4 from 100
the ¢ — 1y — 3 measured by KLOE: I
Oete——g = (3.17£0.01 £0.14) ub. -

KLOE internal memo n.234, (2001) i

. . . C' | | ] ] ] 1
e Neglecting interference between signal 500 200 1000

and ¢ — pr¥ — 7979 the result is: 9
M. (MeV/c)

BR(¢p — foy — 79n%y) = (7.9 £ 0.2¢t5¢) X 107°

[ for My > 700 MeV |
systematic error under study but not exceeding 10%

KLOE Collaboration, hep-ex/0107024
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./— ‘Detection of ¢ — ay(980)y — nn’y @ KLOE (I)I

Signal selection criteria:

1. Selection of events with 5 clusters on
calorimeter in a appropriate time win- Process S/B
dow (|T'— R/c| < 50:) and acceptance b — agy — N0y —
region (21° < 6§ < 159°). ¢ — pOn0 — nrOy 5 3

Te~ 0 0 71
2. Photons pairing to look for the best pho- i e_ — W(T) — 7(7)7r07
S ete” —wm — oy 0.14
ton combination for the hypotheses: b — 00 — 7070~ 1
¢ — 77770’7, ¢ — 7T07TO’7, b — foy — 7T07T07 0.27
ete”™ - wr® ¢ — ny — ¥y b — 1y — 17 6.1x1073
0

V70~ 7.5%x1073

3. Constrained fit requiring promptness of ¢—ny —m
photons, 4-momentum conservation and
iIntermediate masses constraints with-
out any assumption on the ag mass
shape.
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Background rejection:

1. etem — wn® — wo%x%:

= cut on (E.,q.%)

7
™

™

2. ¢ — pOn0 — wOn0~:

— cut on (X%wo — X
plane.

2
7-‘-07-‘-01

3. ¢ — ny — w0n%n0:

—> cut on M, distribution.
4. ¢ — ny — Yy

and Erad = 363 MeV;
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./— ‘Detection of » — a(980)y — nn’y @ KLOE (II)I

plane;

M)

—> reject events with M., = M,
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./— ‘Detection of ¢ — ap(980)y — nnw’y @ KLOE: Results (I)I

e Search of » — a¢y — mm%~ decay performed using 16.6 pb™*
collected @ KLOE in year 2000.

e (66 4 26 events survive the analysis cuts with 253 + 11 expected

background (mainly ¢ — p'7" — 7%7% and ¢ — ny — 777).

Process Natural S/B | Final efficiency
¢ — agy — nmoy — 27.2%
¢ — pOn¥ — nmly 5.3 27.1%
ete™ — wr' — naly 71 25.8%
ete” — wr’ — 70xl 0.14 3.5x1073
¢ — p'mY — 770 1 5.0%
¢ — foy — mo0n0y 0.27 1.4-3.0x1073()
O — Ny — YYY 6.1x1073 3.3x10°°
¢ — ny — 70770 7.5x1073 5.4x10~4

*Depending on the fo model
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'/— ‘Detection of ¢ — a(980)y — nn’y @ KLOE: Results (II)I

nm® invariant mass shape

e The BR evaluated is using the o4 from 4
the ¢ — 1y — 37 measured by KLOE: :
Oete——ep = (3.17 £0.01 £ 0.14) ub.

KLOE internal memo n.234, (2001) %

e The BR(¢ — ap(980)~) is obtained af-

ter subtraction of the ¢ — p7” contri-

60 -

20 -

bution: :
BR(¢ — °7°) = (3.0 £ 03) x 104 =
M.N. Achasov et al., JETP Lett. 72 (2000), 282; T = O Y
600 650 700 750 800 850 900 950 1000 1050
R.R. Akhmetshin et al., Phys. Lett. B509 (2001), 217 M, (Mev)
e data
- ¢ — 070~ - total backg.
- ¢ =y — w0070y

BR(¢p — apy — ) = (5.8 £ 0.5,44¢)107°
— systematic error ~ 10 %

KLOE Collaboration, hep-ex/0107024
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./— ‘Detection of ¢ — n’'(958)~,n(547)y @ KLOE: motivations (I)I

e The study of the radiative decays of the ¢ to the pseudoscalar mesons
n'(958), n(547) allow us to probe:

1. The |ss) content of i’ by measuring the n — 7’ flavor mixing
angle 0p.
2. The gluonium content of 7' by measuring the absolute branching

ratio, BR(¢ — 1'7).

e Theoretical predictions on BR(¢ — 1'~y) range from ~ 2 x 10~* down
to ~ 1079 in case of significant gluonic content.

N. Deshpande and G. Eilan, Phys. Rev. D25 (1980),270.
J.L. Rosner, Phys. Rev. D27 (1983),1101.

F.E. Close, The DA®NE Physics Handbook Vol.ll, Frascati, 1992
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./— ‘Detection of ¢ — 1n’(958)~,n(547)~ @ KLOE: motivations (II)I

e The mass eigenstates 17(547) and 1'(958) can be related to the
SU(3) octet singlet states 13 and 7; through the mixing angle Op :

n(547) = ngcosfp — my sinfp
1’ (958) = ngsinfp + ny cosOp

e The value of the mixing angle has been , |

discussed many times in the last 30 years: S o

I Burokovsky et ol (1998) e

. s | Bramon et al. (1997) e
- 0p ~ —10° (GMO quadratic formula) e o
- 0p ~ —20° (Chiral calculations) st o
F.J. Gilman, R.Kauffman, Phys.Rev.D 36,2761 (1987) oo
25

| Donoghue et al. (1985) *

_ _130 < QP < _200 : Gell-Mann—Okubo (1964) x

(Phenomenological analyses.)
A. Bramon et al., Phys.Lett.B403, (1997), 339

A. Bramon et al., Phys.Lett.B503, (2001), 571 _ o
e theoretical predictions

e phenomenological analyses
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'/— ‘Detection of ¢ — n’'(958)~,n(547)y @ KLOE: motivations (III)I

e The ratio R = BR(¢ — n'v)/BR(¢ — 1) can be related to the
n —n' mixing angle ¢p in the flavor basis:

{ R — BR(¢p—n'y) __ cot? ©p (1 __ ms tanpy )2 (ﬂ):3 j

BR(¢—n) m sin2pp Pn
Bramon et al., Eur.Phys.J. C7 (1999), Phys. Lett.B503 (2001)

with:

{ Op = pp — arctan v/2 ]

~ 10% uncertainty on R will result in AOp ~ 1°.
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'/— ‘Detection of ¢ — n'(958)~,n(547)y @ KLOE (IV)I

e The measurement of R = BR(¢p — n’~v)/BR(¢ — 1) has been performed in
the following channels:

BR ~ 10~° BR ~ 2.9 x 1073
¢ — n'y ¢ — my
n — i n— mlata™
n — Y ™ — vy

e The final state w7~ ~~~ is the same both for the 17 and i’ decay
= most of the systematics cancel out in the ratio.

e The n decay is:
= a useful control sample for the analysis;
= the main source of background for 7’ signal.

e Further background events are:
= ¢ — KgKy, where K decays near |.P. and > 1 photon is lost;
= ¢ — T~ w9, with additional photon coming from splitting/accidentals.
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./— ‘Detection of ¢ — n'(958)~,n(547)y @ KLOE (V)I

Photon 2001, Ascona

Selection of w17~~~ final state:

3 prompt neutral clusters with 21° < 6, < 159°;
opening angle between each v pair > 18°;

1 charged vertex inside a cylindrical region:
r<4cm, |z| < 8cm.

kinematic fit constraining the total 4-momentum
conservation and the speed of light for each pho-

ton: P(x?) > 1%.

E.+ + E.- < 430 MeV ( to reduce the ¢ —
n T~ 7Y background).

KLOE detector at DA®NE
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'/— ‘Detection of ¢ — n'(958)~,n(547)y @ KLOE (VI)I

¢ — 1 (up), ¢ — 0’y (down)
e Toselect ¢ — n'~ events over the p — 1y ™=
background we use the energy spectra of 7
the three photons: > — —> NI

P I
100 200

Selection of ¢ — n’~ events:

yy from e
4

Ty P
300 400 500 600

A.U.

e A cut on the energy plane (F; vs Es5) of
the two hardest photons allows to identify

1500 |

1000 F

the signal: 50 |
LYy s
MeVv
¢ — 1Y (B vs E2) ® — N’y (Er vs Ez)
E I 500 50
i 45
7 ' » <= Events inside the ellipse are
» selected.
U e
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./— ‘Detection of ¢ — 1’(958)~,n(547)y @ KLOE (VII)I

Selection of ¢ — n’~ events:
e Selected events show a clear peak at 1’ mass. o
e The background is evaluated directly on |
data. o
g The final number Of events iS: 09;0 920 930 940 950 960 970 980 990 1000
Nyry = 124 £ 1254 & Ssyst n’ invaridt“mass

10

Selection of ¢ — 7y events:

10 F

e Cut on the energy of the radiative photon:

320 MeV < E, .4 < 400 MeV 10
e The final number of events is: i
- . 2 100 50200 250 300 350 400 450 500
Nopy = (502.1 & 2.25¢a¢) - 10 Energy of %¥diative photon
e data - Monte Carlo
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./— ‘Detection of ¢ — 1n’(958)~,n(547)~y @ KLOE: Results (I)I

e The ratio N,/ /N, is related to R = BR(¢ — 1'7y)/BR(¢ — 1) as follows:

R= <6m ) X (M)  BR(p — 7 m— " )BR(r" — 77)
common analysis

Ny BR(n' — mtm—n)BR(n — v7)

En’y En’'y

e Using the values in the table:

Quantity Value Syst. err.
N,/ /Nn~ 25-107° | 4%
“n'y 0.923 < 1%
m common
(Z"—V 0.662 5%
v afalys%s .
BR(n—n"7n w° )BR(w" —~v7) 0
BR(n'—ntn—n)BR(n—y7 ) 1.30 o%

o We get:
R = (5.3 & 0.55¢at £ 0.34yst) - 10—3
KLOE Collaboration, hep-ex/0107022
e And we can extract the mixing angle:
op = (40f};§)0 s Op = (—14.7f};§)0
KLOE Collaboration, hep-ex/0107022
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| — [Detection of ¢ — 1/(958)7, n(547)7 © KLOE: Resuits (I1)}

o Moreover, using the value of ¢ — 71y of PDG (2000) we extract the
most precise determination of BR(¢ — n'v) to date:

| BR(¢ — n'y) = (6.8 £ 06444 & 0.55ys) - 1075 |
hep-ex 0107022 (KLOE Collaboration)

which, together with the value of the mixing angle, disfavours a large
gluonium content of 7.

20
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'/— ‘Conclusions (1) I

KLOE has analysed 16.6 pb~! (out of ~ 80 pb~! collected)
corresponding to 50 millions of ¢ mesons.

The scalar sector:

— The absolute values of the two BR’s:

BR(¢ — fo(980)y — w%n0%) = (7.9 £ 0.24¢5¢) - 10™°
BR(¢ — ag(980)y — nn®y) = (5.8 & 0.55¢5¢) - 107°
systematic error of the order of ~ 10%.

KLOE Collaboration, hep-ex/0107024

are at least 1 order of magnitude larger than what expected if they
were members of the ¢g nonet and their ratio:

BR(¢p—fov) _ 3X(7.94£0.2.¢a¢)
[ BR(¢—>az'y) o 5.8:|:O.55ta1;t = 4.1 £ 0.44¢a¢ j

KLOE Collaboration, hep-ex/0107024

is well in agreement with the hypothesis of a compact ¢qqq core
surrounded by a K K cloud.
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'/— ‘Conclusions (11) I

The pseudoscalar sector:

— the n — n’ mixing angle 6p in the flavor basis has been extracted from
the ratio of the two BR's. The KLOE measurement is the most
accurate to date:

1.7
KLOE Collaboration, hep-ex/0107022

— The absolute value of BR(¢p — n'7):

[ BR(¢ — 77,'7):(6.8 + 0.6t at + O'5Syst) .10° j
KLOE Collaboration, hep-ex/0107022

together with the value of the mixing angle definitively rules out
models with large gluonium content of the " meson.
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