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Outline

» motivations for studying yy events:
assessment of scalar and pseudoscalar mesons
through electromagnetic properties

» observation of yy = n — n*nn® events at DA®NE

» study of yy — n%n’ events, search foryy —o

> conclusions
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ere- — e*e X or yyinteractions
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Comparison btw W.W. and phase space
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1) W.W. is reproduced with a cut

0 < 5° for final state e*e-

2) impact at the % level within cuts
(pt < 80 MeV)
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Pseudoscalar and scalar mesons

M (MeV)
1000 ’ o * Is 0(600) the lightest scalar meson?
" 0
800  What structure?
600 w:]_“
400 . .
200 T qqqq states %fm
(Jaffe, Achasov et al., Maiani et al.) ¥
-1 0 1
I3
M (MeV
1100 LYoN) VS.
900 30/To
800 —— e—
700 i | E
600 o= — - . L
500 o T ) . KK molecules ~4- fm
400 b " S O + + | (Weinstein-Isgur, Close et al., Kalashnikova et al.)
= | 0 1 | Federico Nguyen
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The f,(600) or o case

fo(600) BREIT-WIGNER MASS OR K-MATRIX POLE PARAMETERS

data come from Dalitz plot analyses,

using Breit-Wigner or T-matrix fits

VALUE (MeV) DOCUMENT ID TECN COMMENT
(400-1200) OUR ESTIMATE
513+32 % MURAMATSU 02 CLEO eTe™ = 10 GaV

e o o We do not use the following data for averages, fits, limits, etc. o e @

a8t 2117 AITALA 018 E701 Dt - m—stst
563+ 38 27 |SHIDA 01 T(35) » Trx
555 28 ASNER 00 CLE2 7= = 7~ 00,
540+ 36 ISHIDA 008 pP — 707070

CLEO 02: D° — K n* n~ Dalitz analysis

fo(600) BREIT-WIGNER WIDTH
VALUE (MeV) DOCUMENT ID TECN COMMENT
(600-1000) OUR ESTIMATE
335+ 67 3T MURAMATSU 02 CLEO e™e— a 10 GeV
e e o W do not use the following data for averages, fits, limits, etc. e o @
324F 32121 AITALA o8 E?o1 Dt - m—xtxt
gr2t=c) 38 |SHIDA o1 T(3S) — Trw
540 39 ASNER 00 CLE2 7= — 7~ a0x0u,
372+ 80 ISHIDA 008 pB — 707070

f,(600) T-MATRIX POLE /5

Note that I = 2 'm(\/‘poT)-

VALUE (MeV)

DOCUMENT ID

TECN

COMMENT

(400-1200)—1(250-500) OUR ESTIMATE

e o ¢ We do not use the following data for averages, fits, limits, etc. e o @

(455+6731)i(278+6733) 1 CAPRINI 08 RVUE Compilation

(463+ 6730)—i(250+6733)  2CAPRINI 08 RVUE Compilation
(s52+, 54)—4(232181) 3ABLIKIM  07a BES2 (25) — =+=—J/
(466 + 18)—i(223 + 28) 4BONVICINI 07 CLEO D+ — z=tzt
(484 + 17)—i(255 + 10) GARCIA-MAR..07 RVUE Ked

(a1 +1%) 42t .9 ) 5 CAPRINI 06 RVUE 7% — =%

(470 = 50)—i(285 + 25) 6 ZHOU 05 RVUE

1(541 + 30)—i(252 + 42) 7 ABLIKIM 04 BES2 J/p — wrtm— |
(528 + 32)—i(207 + 23) 8GALLEGOS 04 RVUE Compilation

(440 + 8)—i(212 + 15) 9 PELAEZ 04A RVUE 77 — =7

(533 + 25)—i(247 + 25) 10 BUGG 03 RVUE

532 — i272 BLACK 01 RVUE 070 - z0z0
(470 + 30)—i(205 + 20) 5COLANGELO 01 RVUE =7 — 77
(535+38)-i(155 +1%) 11 ISHIDA 01 T(3S) — Trx
610 + 14 — i620 + 26 129UROVTSEV 01 RVUE 77 — =7 KK
(558F3%)—i(196 +32) ISHIDA 008 pp — 707070



The case of efe- — e*en

L(yy)
VALUE (keV) EVTS DOCUMENT ID TECN _ COMMENT Vs (GeV)

0.51040.026 OUR FIT
0.510+0.026 OUR AVERAGE

0.51 £0.12 £0.05 36 BARU 90 MD1 ete™ — ete n 72104
0.4904+0.010+£0.048 2287 ROE 00 ASP etTe™ — etey 29
0.514+£0.0174£0.035 1295 WILLIAMS 88 CBAL ete™ — ete—y 94106
0.53 £0.04 +0.04 BARTEL 85 JADE 34.6
e’ //9
| / %t
L { - - _
70 N

interests on the transition form factors

BR(m—mw ) = 22.73% for LbyL contributions (A. Nyffeler, J.Prades) to
major issue: g-2..but need more statistics
e+e- -> ny background — KLOE-2 (see 6. Venanzoni)
8 2 2 2 24]?
O-)/y%R (ql’Q2) x l—‘R 5((% + Q2) - MR )‘F(CII 9Q2 )‘

—yy
M, .

3j0/) > [4Mle}




yy interactions at DA®NE

v data collected at Vs = 1 GeV (see S. Miiller), suppressed ¢ decays
v instant luminosity = 7x103 cm2 s, fLdt ~ 250 pb-!
v' data processing with dedicated filter:

e at least 2 photons with energy > 15 MeV, acceptance 20°-160°
* the most energetic photon with energy > 50 MeV
* total calorimetric energy 200 MeV <E_,, <900 MeV

*R=(X,E,)/Egy,>03

calo

calo

yy — wen® — 2 tracks + 2y

un-tagged
&




Selection of ete- — e*entn—nl events

v' 2 tracks w/ opposite charge

v' 2 and only 2y from the n® decay —

imposes the ny photon (E, ~ 350 MeV) to be

lost in the beam pipe

v kinematic fit x2, based on Lagrange

multipliers

v for ny events, n system constrained

in a small cone around p, ~ 350 MeV and with

Myiss ~ O
M;

miss

~ S+A[; —2ET\/?_p—i\/;
ET

S variables x 2y

X

4 constraints

— 2
myy mnO

2 — 2
My — M,

t,-lr,[/c=0 for2y

P
<

from 239.6 pb!
1576 events survive selection

Federico Nguyen
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ete” — e*emtnnl: efficiencies and background
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e‘e” — eremwtnnl: fit method
L =TI, P(djfws Sitwy B;) P(s|S;) P(bB;) — xg° = -2InL
parameters generated MC statistics

background yields constrained by present knowledge on cross sections

: 10000 F
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Search for e*e-

v'only process to measure
directly the oyy coupling & 0.2

— infer structure § 0.175
S 0.15

£0.125

Z 0.1

v 7010 pre dwrtatn T
preferred wrt mt*n 2 0.075

— vector states exchange = ¢ 05

switched off 0.025

and no background from
e'e"—=eeu'w

%

— e*e ninf

BW shape folded with yy flux function

m, = 513 MeV, [, = 335 MeV

I'(yy) =1 keV

-

00 300 400 500 600 700 800 900 1000

W (MeV)
fo(600) PARTIAL WIDTHS

r(vy)

VALUE (keV) DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o

1.2+0.4 48 BERNABEU 08 RVUE

3.0+06 49 MENNESSIER 08 RVUE ~+ — =t 7=, x070
41403 50 PENNINGTON 06 RVUE ~+ — 7070
3.8+15 5152BOGLIONE 99 RVUE 4y — ntz—, x0z0
5.4+23 51 MORGAN 90 RVUE ~y — nta—, x070

10 +6 COURAU 86 DM1 ete — mtmg—ete



Identification of the 2x° signal

2
* 4 y with energy > 15 MeV, in X =
acceptance o
* no tracks
m, ,Vvs.mg.,
—~ 250
% L
S 25 [ . :
S o :
g 200 By : I
i 10
175 | -
- 2 distribution |
125 |- ;
100 10 ]
0 |
5 | i
e e e A | R e L R T e e s T

m,, (MeV) m,, (MeV)



e‘e” — e*endnl: analysis cuts

Yomin: Sum of the energies of the two
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900
800
700
600
S00
400
300
200

100 ¢
0 =

25000

energetic clusters

IRAARY ARARR RARRS |

£
M

[ P PRSI B .,Tt}mq‘rk\«_ ol I P
0 50 100 150 200 250 300 %(I 400 450 500

MeV)

MC signal

2min

20000 +
15000 ‘
data
10000 + 1\7
5000 - ;\
0050 10 150 200 250 300 35& 200 (NFV) 500
2min
0.8 r
i 8(22m1n>60MeV) +
0.6 | N
: AR W & e +++ Hﬂ + “
04 ++*’ +
- +++

250 300 350 400 450 500 550 600 650 700

0.8 (R>08)
:8 > ﬁ

0.6 | e 4",4» A ¢N¢*¢W ++++++++ §+ ﬂ

04 |

0.2 |

4
R — Zi=1 EZ

Ecalo

1800 [
1600 |
1400 |
1200 [
1000 |
800 |
600 |
400 |
200 |

[} ——

MC signal

0.9

AL

5000 |
4000
3000 |
2000

1000 |

L

T

roll] [

4y (M GV)

’
Ak

250 300 350 400 450 500 550 600 650 700



e*e” — e*endn’: background shapes

4 and only 4 y

x> <4

R>0.8

Y omin > 60 MeV

pr <80 MeV

no tracks

~0.23-0.29
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e‘e” — e*endnl: expected background yields

. o (nb) | n=¢eLo | n/10188
KsK; 5.60 x 10-2 | 20 2682 [ 0.26 10784 from 239 4
4 . e : .
n— 3= 1.79 x 102 | 0.33 142 | 0.014 Vean affe ph
r

wn? 1.66 x 102 | 0.55 2 045 0.2 Selecr,'On

fo — 27" 2.58 x 1072 | 0.17 1 052 0.10

ag — N’ 4.55 x 10— | 0.11 120 [ 0.012

tem — Ay | 1.92x1075 | 36 G 016

et e vy | 1.92 x 10 360 166 | 0.016 _ bkers’ sum

N — VY 1.57 x 10~ | 0.39 15 | 0.0014
we observe a clear evidence 300 - i + — fy— i
of ete” — e*ennlevents at 250
low M, W‘ it

o . 150
the precise yield estimate E
) 100 |-
depends on assumptions for e §
+
the background processes |
0 R e == BB S

200 300 400 500 600 700 800 900 1000
M, (MeV)




e‘e” — e*endnl: expected background yields

. o (nb) | n=¢eLo | n/10188
67, 5.60 x 10— 2 2 6R2 26 fl"
KsKj, 5.60 x 10 2.0 2 682 0.26 ‘70188 om 239 ‘
2.0 =0 « 103 o - €ven QO pb-1
n— 3 1.79 x 10 0.33 142 | 0.014 Is afte
r
wn® 1.65x 1072 | 0.55 2 045 0.2 Selecr,'On
fo — 27" 2.58 x 1072 | 0.17 1 052 0.10
- yianal A BE + -3 ‘ .
Qo = N7 R o 11 subtraction of backgrounds
te~ — 4y | 1.92x 1070 | 360 14 : :
i i and study of differential bkers’
N — ¥ 1.57 x 10~ | 0.39 , , — DKgIs sum
cross section are in progress
. E T — on?
we observe a clear evidence 300 - } Ol
: — f,— n'n
of ete” — e*ennlevents at 250

IOW M4Y w; +++

the precise yield estimate

d i 100

epends on assumptions for S,

the background processes |
0

200 300 400 300 600 700 800 900 1000
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Conclusions

v unambiguous signature of both yy—n and yy— a’x’
events, without any tagger and at Vs = 1 GeV

v yy—>m observed through the e*e’— e*e n process, with
the n — a*an° channel

v collected statistics allows to measure T, (n) with
accuracy comparable with existing measurements

v' an exploratory research shows a structure (~ 4000
events) in the 4 y invariant mass, where the process e*e
—e'e’ 0 — e'e n'n’ is expected

v’ studies are under way to describe the e*e’— e*e” a'n’
differential cross section to understand the ¢ meson

contri bUTIOn Federico Nguyen

14-10-2009 20



KLOE and DA®NE

v data collected at Vs = 1 GeV, suppressed ¢ decays
v’ instant luminosity = 7x1031 cm=2s!, fLdt = 239.6 pb™!

Calorimeter, EmC: Drift Chamber, DC:
Pb/Scint. Fiber, 4880 PMTs . —3 4m@x 3.3 mlength
98°/O of SOIId Gngle AM 7« .7 P, i 9O/° He' 10 /o I_C4H10

u | s 12582 stereo sense wires

N N\ANZHN

C.|COIL

0g/ E = 0.057/VE (GeV) S e
o, =57 ps/vE (GeV) @ 50 ps / -y 0,/ p = 0.4% for 6 > 45°
o,=1.3cm - >N\ o, =0150mm, o,=2mm
A o(m. ) ~1MeV
both detectors é | Y \}@ o
w/ trigger decision i L ¢

v' no e* tagging device

Federico Nguyen
14-10-2009 21




The model for the o produced in yy (I)

e
— n -
[qq] (i) 44 .
m I
+ |
k € |
[qq] (i) - 49 ‘: 3
Fy N
tunneling amplitude 5" v E
7 standard scal. propagator e
s N
/// \\
A
7/ %
gl v leading SU3 coupling "
O i ikn ol 17l Trm
\[2 (.-*)O'F F;u,/ Aejl'mf ASI" H/{'H,n_‘
=G
. fota? g+ gt
1) the o is a bound state made up of 2 G &
: : : O = 1 Lo 0
diquarks, each diquark being a |[9¢l5.1. 3, ¢ 72
- -0
K K o

2) the decay into 2 mesons is described
ili ; L7 4+ L mt K+
by the probability of breaking ( V2 VG 18 _ )
22




The model for the o produced in yy (II)

( 750’ + 5w pt K*t
V = p— _\/Lipo_*_ %w A’*O
1) the oyy coupling is parameterized )
\ K*— F*0 b }

by a similar dynamics, i. e. the
breaking of the diquark shells into
2 ordinary qq, but vector mesons,

again the coupling A

2) the vector meson-photon transition
is described by the standard VMD

This is why we use again A on the

2-photon vertex. :

The SUs of vectors Vi is assumed to ;-
be controlled by the same coupling,”




Spares

104 = Mean 58.16
E 69.83
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Federico Nguyen
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Comparison btw W.W. and phase space

3j0/) KL

.. e Weizsacker-Williams
= 0 e full 4 body
%
: @
_|| S ol TN V2 N A v s AN G N N i N N L) O N Lt NN Vol A |
0 20 40 60 80 100 120 140
pr (MeV)
®
= 8 ete- —>ete m0n?
e ®
o
PR IR T T T [N A AN TR G (RSN (N (SN A (AN TN S Y (O 1 [N SRR MR M [N TR A o (G TR |
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1) the o is a bound state made up of 2

diquarks, each diquark being a |[4¢]3_1. 3,

2) the decay into 2 mesons or 2 photons is
described by the probability of
breaking each diquark shell

F.N., F. Piccinini & A. Polosa
Eur.Phys.J.C47(2006)65

W.W. is reproduced with a cut
0 < 5° for both e*e in the final state

Federico Nguyen
14-10-2009
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