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The KLOE experiment at DA®NE
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‘@é The DAD®NE complex

S e
DA®NE is an Electron - Positron Collider ~ [rascali ®-Factory complex

at Vs = 1.02 GeV —p © resonance VAVARN | Jg 'j
( ®- Factory ) / — TR
Design philosophy: ST s e Lac
— - / : ©ag | 550 MeVes
Moderate Single |4 Large Numbe / : - | 800 MeVe-
| Bunch Luminosity of Bunches._ . R
| 4-10%(vEPP-2M)| % [ 120 Bunches ]

..............

Design Luminosity = 5 -1032

Two interaction points for detectors:
KLOE (CP(T) violation and K Physics)

DEAR / FINUDA (Kaon-Nucleon Intera
and Hypernuclear Physics)

S

ACCUMULATOR
510 MeV
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Beam-beam scattering
@ 5A/beam requires
two independent lines

Beam trajectory length
~ 98 m

Beam crossing frequenc
368.25 MHz

Nbunch/ring = 120 (max

Bunch spacing : 2.7 ns

Bunch sizes @ I.P.
length = 30 mm (o)
transv.(x) = 2 mm (0y)
transv.(y) = 20 pm (cry)
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l@* KLOE Physics Program

NON - KAON PHYSICS

Radiative ¢ - Decays
=> into £,(980)
=> into ay(980)
= inton,n’

@ - 1 TP

Measurement of the hadronic
cross section

KAON PHYSICS

CP - Violation Studies
= Double Ratio
= Interference

CPT - Violation Studies
=> Semileptonic Asymmetry
= Interference

Kaon Form Factors
KL - TdV,K+ - 1PlV

Kaon Regeneration at low
energies
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The KLOE Detector

Superconducting Coil B=0.6 T
2

Be beam pipe

(0.5 mm thickness)
permanent +

Quad's instrumentation

P Cylindrical Drift Chamber
' 4m0O, 3.3 mlength

Electromagnetic Calorimeter — :--.:-::.-3:”'-' 90% Helium, 107% Isobutane
Pb / Scintillating Fibres | e 12582 / 52140

(4880 PMTs)

Endcap - Barrel - Modules

sense / total wires
all stereo wires
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‘\E L The Elec’rr'omagnehc Calorimeter

Pb - Sc.Fibres - Matri
Efficient Detection of Photons > 20 MeV <p> = 5;/&;\‘? T
. . <Ag> =16 cm
* Barrel + Endcap = 987% Hermetic Coverage sampl. frac.~15% (m.i.p.)
« Discriminate K, » 11 against K, — 1Prére o Lead

« Reconstruct K, — 77° decay vertex with a
precision < 1 cm
» Serve as a 1st level Trigger

Design:

o /E = 5% /VE(GeV)

o, = 70 ps /VE (GeV)
Measured :

o /E = 5.7% /VE(GeV)

o,= 54 ps VE (GeV) [0 50 ps
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‘\ ¢  EmC: time and energy performances

Time resolution

a |
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‘\H EmC resolution on full neutral channels

¢ - 7))y - yyy

o -
LA m.o = 135.0 MeV
o, = 13.0 MeV
2500
- m, = 546.4 MeV
2000 F o, = 40.3 MeV

1500 | N )
oy o)) —405+035 PDG ‘00
N —n'y —>vyy)

1000

500 F

: N »ny =) | cor =3.8540.02%0.12
0 KLOE
0 200 400 600 800 N —>n'y >7yyy)
KLOE 10.7 |:)|.'J'1

¥y invariant mass (Mev)
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l@“& Quadrupole Calorimeter (QCAL)

L,

Acceptance increased thanks  (0SIMABE T,

to Quadrupole Instrumentation : €J_ ------------ i —— .
Lead-Scintillator-Tile { J_ R 2
Sampling Calorimeter M| 45 cm \Vv

permanent magnet quadrupoles

Pb layers (1.9 mm)

- Scintillator tiles (1 mm)
and WLS fibers

R ext = 16.
e -
5.5cm Rin=11cm
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l@“; The Drift Chamber

® High and uniform track
reconstruction efficiency

@ Determine the K s vertex with
an accuracy of > 1mm

® Good momentum resolution
(6p/p 0 0.3% ) for KI3 re;j.

@ Transparent to low energy y
(down to 20 MeV) and K s
regeneration ->

[907% He, 10% iC,H;o ( Xp=900m )
mec. str. in C-Fibre (<0.1 X;)]

;QZOOO stereo wires

cell structure:

- 3:1 field:sense ratio
* 3 x 3 cm? in the 46 outer layers
- 2 x 2 cm? in the 12 inner layers
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N DC resolution and stability
KI-(-'L_-"-
<
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KLOE data taking periods

| i
-\.II i 4
A

i
e
i

May 1999 First period of data taking - 20 nb-!
» 2.4 pb-! (max 100 nb-1/day)
(avg 65 nb-1/day)

—» 27.1 pb-! (max 650 nb-! /day)
(avg 400 nb-! /day)

» 67 pb-! (max 1500 nb-! /day)
(avg 800 nb-! /day)

June - December 1999
July - December 2000

June - August 2001

Data taking restarted on September 7th
GOAL: collect 200 pb-! by the end of this year
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‘[ﬁé DA®NE performance

-2

- KLOE preliminary

- ¢ resonance KILOE Integrated Luminosity

&= 2001 ;/
- 50 : {
% 40 | 7
- 2000
S 30

I TR I EE U S H RS B SR S BRI R
1012 1016 1020 1024 1028
Ecm(Mev)

- Peak luminosity exceeded 3 x103! cm—2s-!
* Integrated luminosity exceeded 1.5 pb-!/day

* Expected total integrated luminosity in 2001: 200 pb-!
» Interaction region upgrade mid 2002
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‘?} Luminosity arrow
e'/e to few 104
Interferometry —
CPT test, semileptonic asymmetry 2 fbl _
Opogr T0 1% (stat) | —> 200pb' <«—End 2001
Rare K decays — <«—Jul 2001
Ks physics 20 pb!' <« 2000
. . —>
¢ radiative decays =
2 pb! <«— 1999
14
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@ Radiative Decays

2> Scalar Sector:
£,(980) , a,(980)

f, Model | BR(¢ - 7))
(99) o ~10°
(ss) o ~ 102

(9999) 0 ~ 10+
(KK) -0 ~ 4 x 103
(99) =0 <10®

2> Pseudoscalar Sector:

n(547) . n’ (958)

Unclear nature of scalars ( ¢g, gggq, KK,..)
BR( ¢ - f,y) and BR (@ - a,y) are
sensitive to the structure of the f£,and a,
@ - oy with f, - m*m-

fp - mom?
@ - ay,y with a, - nm° p - 5y

Novosibirsk (CMD-2, SND) BR's = 10-4

Extract n - n’ mixing angle

Probe the gluonic content of the n’

Ada Farilla
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Q.- oy 5y ay-nndy- 5y

The preselection is common to the two analyses:

5 photons in EmC with energy > 7 MeV coming from the I.R. (OT - R/cl< 5+0;)
*Acceptance cut: 21° < B¢, . < 159°

Background to @ - £,y S/B Background to @ - ayy S/B

ere - wrP - nly 0.6 ere” - wTP - NPy 7

® -ayy - Ny - yyRy 35 ere” - wre - My 0.14

 -ny - My 0.02 © - fpy - Pty 0.27
@ -ny -yyy 6.1 x 10-3
¢ - nNy - T?TlOTlOy 75 X 10-3

Further analysis steps:

‘First kinematic fit without mass constraints on intermediate resonances

‘Photon pairing

-Second kinematic fit wrth mass constraints on intermediate resonances
Ada Farilla Clermont-Ferrand, September 2001 16




qr foy —» memey— 5y

Event selection :

* X2/ndf <5
- 5o cut on the reconstructed 1™ mass
* X?,/ndf < 3 and 30 cut on the

reconstructed w mass to veto
ete- > TP

- cos W,,> 0.4 to reduce a,y, p, T, bkg

P angle:
/ Y
- LIJ
1§ T
~ 500 .
S The red region is
g 250 [ rejected by the wrveto,
further cuts are applied to reject yyy [I} : qy ‘r:e one oanhe.lef‘r of
events from e‘e- - and © - TP o] | the green line is
) ? / 70705 1 15 | selected by the cut
Y (rad) |cos y,, > 0.4
Ada Farilla Clermont-Ferrand, September 2001 17



e — Signal distributions
<— before and after bkg subtraction

300 F

200 |

200 F

Z 100 |
100 I

0 =

0 2 4 6 5 8 10 700 800 900 10002
X “/ndof M, . (MeVIc) v
L Entries 1967
= ey
200
- +
100 L L
L z(x) -
100 i
50 i
100 F
0—1 05 0 0.5 1 00 02 04 06 08 1
cosf cosy N AT N AT
0 100 200 300 600 800 10002
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B ete Q_)TP 0 FTme mer 717
o - PO
I
m ¢ - %Y
0 5o e 0 o
. 2 04 06 0.
— ¢ ny cosi

Ada Farilla Clermont-Ferrand, September 2001 18




@1 foy - mermy— 5y : BR evaluation

After background subtraction:

N, 1662 + 48, (Np,=305 £ 13,) in17pb’!
(Final efficiency : e= 39.7%)

Each M__bin population is corrected by the MC analysis efficiency.
The BR is evaluated using the o, from ¢ - ny - yyymeasured by KLOE:

o(ete” - 0 =(3.17+£0.01 £0.14) pb (KLOE internal memo n°c 234, April 2001).
Neglecting interference with ¢ - @m0 - Oy

BR(¢ — £y — 100y ) = (7.9 % 0.2_,.,) x 10-5

[for M__>700 MeV] hep-ex/0107024, KLOE collab.

Systematic error under study: it should not exceed 10%
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!1 —y

L,

@1 apy - Nnmly - 5y Background rejection

1. ete —» w1 - MY
cut on (E, ,y ) plane

Y
L

0 i

cut on the (X2ny = X2y My)

plane

cuton M, distribution

4.9 ny- yyy

rejects events with M, = M fras s i s
M77 VS )(me-)(2

C(nd Er'ad = 363 N\eV

180

160
140
120 |
100 |
80 |

60 |-

o 200 250 300 3

W,vs E,

The red region
is rejected

i hq’ -~ apY

TR

nrty

Ada Farilla

Clermont-Ferrand, September 2001




‘ig apy - 11t Oy - 5y Final distributions

MC expectation for cos 6,

M ete L WP - Nmdy N + J(
B Oy final state |
¢ - ny - ®rPy

10:%1?@%
o |
L, - - fotal baCkgrOUﬁd/ S —_
M

MC expectation for . mm

; ~ p1? - nmdy ) j(

After background - Hwﬁ +

| subtraction—> =« t: 7T b

o (MeV)
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l‘@l apy - nm°y— 5y . BR evaluation

After background subtraction:
Nomy = 666 = 264,01 (Npey, = 253 £ 11,,)
(Final efficiency : e= 27.2%)

BR(p -~ nrfy) = (7.4 £ 0.5,,,,) x 10-°

in 17pb-!

hep-ex/0107024, KLOE collab.

Subtracting the contribution from the ¢ - p1® - NPy decay

(neglecting the interference) we find:

BR(¢ — a,y - nfy) = (5.8 £ 0.5_,,) x 105

Systematic error under study: it should not exceed 10%

For the ratio of the two BR's we find:

BR( —> fyy) 3x(7.9+0.2_,)
BR(d — a,y) 5.8+0.5

=4.1£0.4

stat

stat

Well in agreement with the value
predicted by F. Close et al.
(hep-ph/0106108) based on the
picture that these systems have a
compact core ggqq surrounded by
a KK cloud.
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@1 Pseudoscalars: ¢ - ny,n'y

!1 —y

*With the decay ¢ - ny decay we can probe the gluonic content of the n":
theoretical predictions for BR(¢ - ny) range from 2x10-4 down to ~10-6 in
case of significant gluonic content.

* The mass eigenstates n(547), n'(958) can be related to the SU(3) octet
singlet states ng, ng through the mixing angle 3,

n_ cosd, -sind, ) (m
n' sind,  cos3, | \n,

* The value of the mixing angle has

been discussed many times in the -
tract / :
last 30 years: both from theoretical Extract mixing angle from
predictions and from phenomenological p = BR(o-1N y)
analyses it varies from -23° to -10°. = Y
BR(¢p ~ ny)

Ada Farilla Clermont-Ferrand, September 2001 23



i

[ SPNY

@ >nNy- oy - mTm3y BR= 3 - 10 -3
@ >nNy- mmny-> mm3y BR=~2 - 10-5

The main background comes from:¢ - K; K, , ¢ — i 71

Event selection:

3 yfrom the IP (OT - R/cC< 5-0;) m b1 n_no/\
*1 charged vertex in cylindrical region ST . S |
around IP (p <4 cm; 0z 8 cm) BB (MeV)
« E.+E~-<430 MeV J‘ ¢->ny
for @ ->n'y ) SN
— EnrBr (MeV)
° En++ En—< 550 MeV : @->ny
for ¢ ->ny 0 |

e Kinematic fit

Ada Farilla Clermont-Ferrand, September 2001



l} ® ®-ny,ny

-

* The photon energy spectrum of ¢ - nyand MC
@ - nyevents allows a very clear identification _ S
of the photons in the two cases. TR, gy frem 'Rd
[ ad-y
* This can be used to exploit correlations between 2500 |
the energies of two hardest photons in the T e e
(p N r]'y even“‘s. Y, energy spectrum ®—ony Mev
[ e o5

15002— Rad.y
500 w 500 1000 | ¥ Z‘y'y from 7
| . o
E‘” :: o 0 B e
I . ¥, energy spectrum $-m'y MeV
2”” 0 @ - nyeventsare
_ : inside the ellipse
1”"100'15'6'zm"z%o"iéokéf'+66"+%°"fm° 100,05 T S 20 0 3 o S0 @ - nyevents are in the
E1vs E2 (after kin fit)  (MeV) Bl vs B2 fenome) two bands at ~363 MeV
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-

g o-ny.ny

¥/ ndf 9.070 f 14
After background subtraction: | 17pb iid

i
N, =124 £12.+5 ; |

syst

N, = (502.1+ 2.2, )x10?

(Final efficiency : ¢ ., = 23% ,¢,, = 37.6%)

For the ratio of the two BRs we find:

Etaprime inv. mass (fit no m. c.)

R = ( Nn, Epy / er € )'RBR: (5-3 x 0-5(s'ra'r) * 0'3(sys))

From the ratio R we extract the mixing anle: s
T 15 —
9, =147° " 17 B |
~15° hep-ex 0107022, Kloe collab. | | " ‘ }
..and the BR: e—— ‘ e } 'T
BR(®->N" V) = (6.8 £ 0.6(s1ap) £ 0.55,5))*10° e
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@ — o

3 contributions to Dalitz plot

(p N pi,OT[O, + ﬂ

@ - TUTUTO
(direct)

e*e” - IO \

in the fit the mass and width of

the p, the AM(p*,p°) and the direct decay \
contribution (A, ¢,) are left free ;

(€ - E)V3 GeV

A (x102) @ (deg) M)  ME® T AM(ES)
KLOE 8Bb+0bh 88+9 7753+04 7730+06 1491+10 04+03®™
PDG -15 +11 (CMD-2) 776.0+£09C) 150.2+0.8 -

*) CPT test at< 5 x 104

**) mixed charges (t decay and e*e") average: M(p°) - M(p*-) = 0.4 +0.8
Efficiency (X,Y) from Montecarlo: fine tuning in progress to reduce systematic effects
on M(p°) (now at 2 MeV level)
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‘- 1 Hadronic cross section and g-2

(9_2)/2: aMQED + aﬂhddl" + aﬂweak + .

Use dispersion integral to express a,, in terms of R = ghodr/gme :

2/ . A
i {amuJ (Ef"'ds R OR() | 7 R (s)K(s)J

A G .o 31 | {4m: @ Bt 52
K 7 hadrons 7 “H i “
Prediction:
a0 =( 11658 470.6 + 0.03) x 1010
a hadr = ( 6924 +6.2 )x 1010 <— fromr data (M. Davier)

" 0.0 GeV, 00
a e = ( 6974 +105 )< 1070 <7 from e'e- data ;‘ 36 Gev
apeak = ( 152 + 0.4 )x 1010 (F. Jegerlehner)

E821 result: 1.0 GeV
aer =( 11659202 + 14 + 6)x 1010
E821 (BNL) expects to measure a,®* to 4 x 10-10 The p—w region dominates the a, correction,

accounting for ~70% of the total correction.

Aaz (426 + 165) x 1010
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@  KLOE contribution to gyuq

The measurement of o, 4 at KLOE will be done with the radiative return

method: use a photon radiated in the Initial State to lower the available energy.

Completely different systematic than the traditional method via energy scan as
done at VEPP-2M.

In the case of a radiative photon the cross section is

~ hard

related to 0,4 via the radiator function H:
Tt +,,- 2
o Mg dc(e € —>had£'ons+ L Mhad) =c(e+e_ —hadrons, M2, )xH(Mfad, cosey)
T[ dMlad

4mT[2 < Mhad2 = (M(pZ-Z M(pEy)S m(p2

The KLOE detector @DA®DPNE can study:

v' the p resonance, as alr'eadz measured by VEPP-2M at Novosibirsk
with an accuracy of ~1% *

v" the hadronic cross section above 7w threshold : very poor data

available. KLOE can really give an important contribution in this
region.

(*) An accuracy of 1% in the p region implies an error on a, of ~50x10-10
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A B

do NN 1
[ dMZ,  aME el J
& = &qcc Gsel Ctrig
- the acceptance € . is evaluated from MC (large angle; small angle)

- the global selection efficiency €, is evaluated from DATA+MC
- the trigger efficiency &, is evaluated from DATA

* the experimental Backgrounds come from:

ete” - e'e "y (radiative Bhabha)
e*e” - UUY

ete” - @ - 1ttt (BR=155%)

e"e” - MMy (Final State Radiation)

- the Luminosity is measured using the Bhabha scattering at large angles
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[_':QII.L . s, . Particles_present
‘\Eé TUTUY identification

* Look for missing momentum in mtrttracks
e Use drift chamber, 55° <6_< 1257,
pr> 200 MeV/c
» Estimate E, and 6, from mnvertex and
@ boost

« 2 fiducial volumes:
small angle: 8, < 217; 6, > 169°
large angle: 60° < 6, < 120° : .

asm |- 25°% Err.: 155°, 50°< 8 _<130°

e Use calorimeter for z identification: e |

likelihood function using: o |
time-of-flight, shower profile B etey

° 20 CUT On MTF‘C(Ck 1500 -

2 —2 2 —2 2 i o |

qY: Md)_ pl +Mtrack_ p2+Mtrack :O L

* No need of y information from EmC
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g do,, /dQ?

Theoretical function (superimposed)

S from Gounaris-Sakurai parametrization
v .
O » KLOE(l6.Iph") with:
S f —meEw m,= 770 MeV m, = 782 Mev
£ r,=150 MeV r,=85 MeV
o o
N £ .« e small angle
~ LI_K :

5 — s ° large angle
3’ .. —G-S (no fit)

Q? (GeV?)
The statistical error in the p region is ~2%. 5
Aiming at reducing it to <1% with 200 pb-.
J J P Vs = M__(MeV)

hep-ex/0107023, KLOE collab.
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‘[i* Kaon Physics : K¢ tagging

Porticles presant

Kstagging : the K-crash

Clean K tagging by time-of-

flight identification of K, — gJaseed

interacting in the EmC :

Selection cuts: |
« E_. = 100 MeV

. | COS(Q I ) I <_ O ; Ecol IMe¥Yl ™ <10 ® <320 <40 <B0 <B0 <100 <130 ®m <0 W <I60 W <593
clus *

o ﬂ* e [0195, 02475] _ § distribution: nominal K, velocity ~0.218

28000 |

6000 |

-
R

5
R

4000 |-

L
00¢ %
RRRL

2

0058
~

Q‘\

o
5355

2000 | =

0 - I E 8 Ayt
0.15 0.175 0.2

0. . .
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‘Hﬁ Ks = 797" selection

Selection:
4 prompt clusters:
Energy and anqgular distributions
- K crash gy 9
* 4 EmC clusters with: o e = o
- | t-R/c] =min(5o;; 3 ns) =} '
«cos0<09 oo |
* E > 20 Mev 2002 -_\ | L | L | L | L | L | L | L | L
. .. E (MeV), 4 prompt clusters
PhOTOh deTeCTIOH eff|C|ency - - Data sumimer 2000 p |I];nr_ries 123883
€>97 % for E,>20 MeV w00 |-

Estimated from data (p— 7w ) |

2500 -

o Lol ! ! [ [ RIS AT
0.6 07 0.3 0.9 1

0 0.1 0.2 0.3 04 0.5

cos(thetainax)

Final selection efficiency: £y, = (56.7 + 0.1) % (mostly acceptance)
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TT
=) :
lﬁg Ks = ntn~ selection

- K crash
- 2 tracks from IP

eacceptance and momentum cuts:

- 30°<B<150°

- 120 < p< 300 MeV/c
(mostly for ¢ -K*K" rejection)
*Both tracks have to impinge

on the calorimeter

* Acceptance estimated by Monte Carlo

1o+

=

107

o e

;o

TI?’ Whm*
l

j
.

DATA
MC

Mm”\u r\i

a SCI m:: 150 _DD JCI k] 350

- Reconstruction efficiency measured on data subsamples as function of 8 and p;

Selection efficiency: ¢, _ = (58.5 + 0.1) % ( mostly acceptance)
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PDG 2000 Ratio = 2.197 x [1+ 1.2 x 102 (stat) + 0.6x 102 (syst)]

KLOE 2000 Ratio = 2.247 x [1 £ 0.2 x 10-2(stat) = 1.5 x 102 (syst)]
(with 17pb-)

Contribution to systematics Yo
Tag bias 1 L
K-> 1 selection 1 | - mseee
Ks—> z’n’ trigger 0.02 T Nem s

Ks—> mtm~ selection 0.1 T et 7o o

Ks—> mtm~ trig and 10 0.5 I
KLOE 2000
Total 1.5 PDGIZIOOOWA,ﬁm_,,,,,_,,,
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B - K-crash tag
Rl iiiiiii'

: Kinematics preselection:
two charged pions with
J; | Mmt¢ KS
T : identification of T-e from
II I time of flight

Close kinematically the
event to get p,

Normalization to Ks = 7z
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‘ié n-e identification by Time-Of-Flight

To perform TOF measurements _ .
both tracks have to be associated to €oe0 = (91.1£0.1) % (MC)
an EmC cluster Signal MC vs DATA

Compute TOF difference by: MR b
Dot (m1, m2) = 0t (m1) - 01 (M2) A S iibpeds
0t (mass) = t, - length / ¢ B(mass) * | S UERENERNSES 17

3

|Dot (e, )| (ns)

Cuts : ]
DSt (, 7)| > 1.5 ns |

|DST (7, €)| < 1 ns, |DST (e, 7)| >
3 ns |

-1 o 1 = 3 - 3 =]

Dot (ar e) (;‘\S)
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lkﬁ Kinematic identification

300

Ks momentum estimated by
K, direction and ¢ boost - DATA ~ 17 pb HH
200 — MC l w\
Signal yield estimation: ? % %@H
so | Yield = 627+30 H
*Plot E,; cs—Pyyiss Variable _ % ﬂ
100 :— $ ﬁi
Data fit using MC spectra for ; jﬁf +
background and signal Wl " 5
Z % it |
Overall efficiency : i mﬁa %ﬁﬁw@é
EToT = (218103)"/0 0-40 30 % T R BT
mISS(ne) miss (Mev)

Ada Farilla Clermont-Ferrand, September 2001 39



4 BR(K, — ev)

(7.2 +1.2) x 104

(75 + 13 events)

KLOE 2000

KLOE 2000: (preliminary 17 pb)
(6.8 £ 0.3(stat)) x 104 NI
(627 + 30 events)
= FL - FS

From theory, assuming I'g = I} :

(6.70 = 0.07) x 10-4

"CMD-2 @ VEPP-2M Phys. Lett. B456(1999)90-94
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Conclusions

um

 The KLOE detector performs as expected
*DAODNE is increasing the Luminosity delivered

*Many analyses useful for the measurement of Re(¢'/¢€) are going
on

- With 200 pb-! KLOE can exploit the program of
hadronic physics (¢ radiative decays, ¢ —> ', 0,.)
and Kg physics
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