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KLOE physics at ¢ - factory /Oﬂ&@

e"e” collider at

@ - peak

Main decays of @ (1020)

Decay BR
K* K~ 49.5 %
KK 34.4 %
pTL TUTT T 14.8 %
ny 1.3%
foy, aoy, N'Y ~10"

= ( (1020) with JF*=1"-
= og(ete” - ) =3.2ub
= M@= 1020 MeV

> [ =44MeV

e KK~ at p=127 MeV/c:
A=95cm T=12.4ns

*Kgatp=110MeV/c:
A =0.6cm T=90.0ps

« K, ap=110MeV/c:
A =343 cm T=51.7ns
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DAPHNE o - factory

Design parameters
+ Traectory (m) o8
+ Beam energy (MeV) 510
+ Max number of bunches 120
+ Bunch spacing (ns) 2.7
+ Bunch current (mA) 40
+ Bunch luminosity (cm?si)  4x10%

Total luminosity (cmr?s?) 5x1032
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DAFNE history from 1999

1999 : data taking just started (L12 pb1)

2000 : first KLOE published results
([120 pbt)

Published 4 NIM papersand 5 PL papers
» 2001 : L improved, but high background
(0J190 pbt), data analysis in progress

2002 : Background reduced (L1300 pb1),
new successin L

* 2003 : Background not reduced (?) and
L > 300 pb-/month

300 | 2002

2000

s A A Il
0 50 100 150 200 250
day of runming

Current DAFNE parameters
(September 2002)
> L ~75x10%1 cm%s?
> Total L / month ~ 100 pb!
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KL OE detector
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Electromagnetic Calorimeter (EMC)

IE:::-. O
H{Qaffﬁﬁf&.ﬁh R W-L:J :-.:-:""'":': 2

= Lead/Scintillating - Fiber calorimeter
= 24 Barrel Modules

= 64 End-Cap Modules

= 4880 channels

Drift Chamber (DC)

(T

= Cylindrical structure, (4 m X 3.3 m)

= 12582/52140 sense/total wires

= All stereo geometry

= Helium (90 %) + Isobutan gas mixture (10 %)

Quadrupole Calorimeter (QCAL)

= Lead/Scintillator tile calorimeter inside
KLOE
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Electromagnetic calorimeter /OE&@

EMC parameters

= Hermetical coverage
= 98 % coverage of solid angle

= High efficiency for low energy
photons

= Energy range

20 MeV < E < 300 MeV
= Energy resolution

O0/E=5.7%/V E (GeV)
= Time resolution

0,=50ps/V E (GeV)
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EMC energy resolution

= Fine sampling lead / scintillating
fiber calorimeter

= p=5g/cm?® X,=1.6cm
= 23cmthick @ 15X,

= Spatial resolution ~1 cm

- R.M.S.=30MeV

" K s mass from
e | I. photon energies
o | in Ks- mfr®
- / l' decay
- [

f \
u 1LIL

SN
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Drift chamber 3 E&@

DC parameters
= Cell geometry :

12 inner layers 2x2 cm?

46 outer layers 3x3 cm?
= Stereo angle +(60 + 150) mrad
= Rad. length X,(DC) 900 m
= Field wires:Al(Ag), 80 um O
Sense wires: WW(AuU), 25 um 0 25
= Space resolution :

0,,=200 pm and 0,=2mm
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DC resolution
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QCAL and beam pipe

f@ ..... e _]v

10c 45 cm
<4+“—>

permanent magnet quadrupoles

= Be walls minimize regeneration,
multiple scattering, and energy loss

= Quadrupoles improves the rgjection
of K, - 3mPby afactor of 5 and
decrease machine background
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KLOE physics
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Kaon physics
= CP violation parameters
* Double ratio Re(g'/e)

* Interference K, , Kg - f1, {2

=> Semileptonic assymetry
e Kg - e v/ Kg - Tre'v
K - me v/K - 1me'v
= Rare K¢ decay
= Kaon form factor (K, - Tiv, K* - T V)

= Kaon regeneration at low energies

Radiative ¢ decays
= Branching ratios

« @ Ty - yyy

*® - nY,Q - ny

* @ foy - Ty

*Q - gy — Nty

(@ - TU' TU TO, PTT, €tC

Hadronic cross section
= o(ete” - TU'TTY)
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Measurement of Re(g'/g)

R= BR(K, - r*71-)/ BR(K - 71*71-) —1+6xR g
BR(K, — mmor0)/BR(K, - 710710) &
Word average data (2001) R e( e /8)
Re(e'/e) = (1.72 £ 0.18) x 10
E73193  +—o— | 74+ 59
KL OE goal isto measure Re(g'/g) NA31 93 o 23065
NA48 01 (prel) e 153+ 2.6
viadouble ratio with a sensitivity CTEV 01 (prel) HH 207 28
~ 104 (tota statistics= 2 fb?)
0 10 izn 30 (x10)
e Ratio Ks TTr/KS - TOTP New World Ave. H:H 172+ 1.8

has already done
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Kstagging
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Kstagging by identification of KL
interacting in the EmC (KL crash)

2000 data= 5.4x10% KL crash
2001 data= 6 x 107 KL crash

Ks selection
= Selection cuts:
* Eclust >100 MeV/c
* |cos(Bclust)| < 0.7
«0.195< B <0.247
Tagging efficiency = 30 %

- Ll P
AN — Ky = n'x nephased
15000 ¢ ﬁL
R & :rlj L
KD 1 4 "-.,_“_
o """'"‘I"""#f'd_ i i ik et o ]
0.z .21 a Q.23 0.4

Nominal velocity of KL inthe rest

frame of @ (B*) =0.218
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Ratio Ks- 1t /Ks - PP/ | /Oﬂ&@

Ks- 11T Selection

Ty

Xl = 22 20ArEs

= Ks- tagging w075 | Pl = 0589 +0.001
:> 2trmk from IP P2 =- 00337 = ONDOT Me
= 120 < p < 300 MeV/c for 0.3 \%
rejection of @ -K*K~events s '\M
= 30°<© < 150° s o s
= Both tracks impinged to EMC T T l‘-ln“ lﬁ tiﬂ
. : E, (MeV)
10k .r-.___.ﬁ * Eljéjﬁﬂ 2K
m.__ l | * Selection efficiency by Ks— 11T (Y)
1o} M‘( Lw = Measurement of E,-
v Ao _
) ,lwa% N (E, e = 170 MeV)
o “h‘ ” || [‘W = Folded with theoretical y - spectra
o % .Lm 150 200 250 300 330 L!ﬂ 450 = Selection efficiency
Track IP momentum (MeV/c) (576 0.2) %
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Ratio Ks- 't /Ks - 1P/ 1|

Ks- 101 selection

= KL - crash
= 3 neutra clustersfrom IP
= Ey>20MeV, cosBy<0.9

= |t - R/C| < min(53t, 3 ns)

* Daza soeorer 2000 | Entries 4 Er55 12
KC 2030
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Photon detection efficiency as
function of expected y-energy and
different polar angle region
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Ratio Ks— 1t /Ks - 1P/ 1] /OE&E

« Measurement was done on 17 pb* A
integrated during year 2000 R Cowell 74 OSPK
o Hill 73 DBRC
. Aliiti T2 HBC
N( Ks— 1017 ) =1.098% 106 . . Morse 72 DBC
N( Ks— TPrP) = 0.788 x108 — ] e
_ o _ o, Moffen 70 OSPK
 Relative contributions to the final N Morfin 69 HLBC
systematic error : KLOE 2000
P 2000 Warld Avemge
Source Error, % T - P ——
Tagging 0.55 I Ks—m+11:'}f'1'1 K_,;—}]'Iﬁ“.ﬂ:u]
- ti 0.20
y-eounting KLOE 2000 data 2.239 + 0.003at) + 0.015(ss.)
trigger and to 0.23 PDG 2000 2.197 + 0.026
tracking 0.26
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BR (Ks_ Tev) /|

Motivation Sl
Test of AS=AQrule: T(Ks - 1Tev) =N'(KL - TEV) aﬁ;f‘= Jhm
4 g : g I'- HEM !
It means BR(KS N T[ev) = lr.r’ﬁ.; / < x{{,{ “\H
f ".-:;:I s --:f.- B L
BR(K, - TV )x(I' /Iy =(6.70 + 0.07) x104 [ *ﬁ
] _ he ® i |
Only one measurement was done . . VL "‘ w :.-- :
[ Al |
BR(Ks— Tiev) = (7.2 + 1.4) x 104 Bl - /7
(CMD2, 75+13 events) Y /:f’ >
. ‘x& A P_____._.:_-:-"% y r
Preselection N S o :
:> KL _ Crag] "'--.____-'_ ____',_ e .-"'--
= Charged vertex with r<8cm, |z|<10cm
= 2 tracks with associated with EmC clusters Typical selected

= Kinematical preselection : two tracks from IP, event Ks — Tev

cut on M(TtT) and P(Ks)
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Dat(e; 1) (ns)

't decays

‘| Ks semileptonic

L)

Dst(e,1) (n9)

Distributions of
thetime
differencein the

Te vs ETt mass
hypothesis for
MC

e /Tt TOF identification

= Time difference of particle x :
8ty= Tgy - L/(cBy)

= Timedifferencein e/ emn
hypothesis:

D 3t(g; Ty) = 8t(g;) - BH(1Y)
= For rgection of 1t7t- events
ID &t(r,m) | > 1.5ns

= Tie/ ertevents

1.|D ot(e,, )| <1ns

2. |D ot(e,, )| > 3ns
orle?2
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BR (Ks_ 1ev) /Il
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"1 Data17 pb
= MCSigna +Bkgfit

i Yield:627130events%-

130 f

40 m X {{] |I." 11 _':i.l .iIJ J-:i.l
Emiss-Prmss (Mel)

corresponds to a clean signal of
Ks— Tev

Kinematical identification

= Fit EmISS(T[e) _Pmiss us ng MC
spectrafor signal and TT°TT background
(@ - T T, KS— TUTT)

= Overall selection efficiency
(21.9+£0.7)%

= Normalizeto Ks— TU'TT decays
(1.64 10°)

= Statistical error 4.9 %
(lower with data 2001)

KLOE 2000 : BR (Ks- mev) =
(6.91 + 0.34(stat.) £ 0.15(syst.) )x104

Total error 5.3 %

Phys. Lett. B 535 (2002), 37
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Charged kaon's physics/ |

— MC totd
= @ K"K~ stream has alarge statistics, or Spectra
49 % of @ decays, but is hard for track — K* . pty
reconstruction — KEfLTETO
= g — Three
ow kaons (1127 MeV/c) has energy
losses up to 30 MeV/c (20 %) by momenta body decay

= Multiple scattering makes charged
kaons difficult for reconstruction

procedure
= Tagging strategy : §
=T - peak (| B pesk
« T - peak around 205 MeV/c, hasa o . \
trigger efficiency = 100 % yona | L / I'
. Ut - peak around 235 MeV/c, has a o N
low contamination from other decays - |_|. |
= Both decays can be used for tag of the N bl
charged kaon decays Bacondury moments pios - Myp.
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Charged kaon's physics/ ||

Recent results of charged kaon physics

» Measurement of @ — K* K~ cross section (at the peak and by energy scan)
> Ratio BR(K* - T¢ TP)/BR(K* - i 1) for estimation DC possibilities

» Measurement of V through BR( Ke3) evaluation

» Estimation of form factors Ke3 and Ku3

> Measurement of BR(K* - T TP 1), estimation of Dalitz plot parameters

M easurement KLOE preliminary | PDG fit data Publications
Q- K"K™ = 1600 nb [ LNF Spring School,
2002
K* o Tem/K* S pfv  |0.3306 + 0.0012(gtat.) | 0.3331+ 0.0028 |World Scientific Publ.Co,
2002, 114
K*_ e1fv/ K* _ pv |0.084+0.002(stat.)  |0.0759 + 0.0011 0
K* lifetime 12.40+0.08(stat.), ns  |0.0759 + 0.0011 [
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@1y, ny/| g

Motivation
Datat sample: 16 pb! from
= BR(¢ - n'y) can probe the gluonic 2000 data
content of n'
Selection
—_ BR - ' 1
R= BR%—» z'}}g related ton'n = Final states:
mixing parameters and determines e« 0NV, N TOTCTE; TO VY
the mixing angle 9p c@oNY. N - TETTN: N VY
= In the quark flavour basis the
mixing can be described by one = Possible background : ¢ - e 1°
parameter - angle op and m (additional photon detected due to
2 3 _—S5=145 accidenta or splitting clusters)
R=cot2¢ |1~ mg tan ¢V PI73 m ¢ — KsKL (KL is decaying near the
- p ; . . .
—2 40 interaction region)
msn2g, | Fy ¢, =3.4
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©-ny, ny/ll

= (¢ - nyselection
. Vertex with opposite charge track from IP

. Three photons with Ey > 10 MeV and
219< B y <1590

. Constrained kinematic fit
. 320 Mev < Ey'ad <400 MeV
. E."E,. <550 MeV

= @ - Ny selection
. Main background from @ - ny

. Elliptic cut in the plane of the
two photons

Nny = 50210 + 220 events, €ny =37 %
Nn'y=120+ 12 events, €n'y=23%

F._,|M-:".-"]

M ey (MeVic?)
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¢-ny,ny/lll

r= Ny ny BRO - ) BRUT — )

N n,E BR(7' - 7T+7T_770 BR(n7 -
mYny 1 ) BRI =) Kp =0.95 (interference with
e'e-p-nny)
R =(4.70 £ 0.47(stat) + 0.31(syst))*103 2
Using BR(® — ny) = (1.297+0.003) % (PDG) = -
BR(® - nYy) = (6.10 £ 0.61(stat) £ 0.43(syst))x10> ** _ _ aag—
PDG:BRG - 11))=6.7'53 | P
Sr ol Cl D2y 000

Mixing angle: Pp= (41.8+ 1.7)0 =
Jp= —(129+ 1.7)°

Phys. Lett. B 541 (2002), 45
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©— (2,(980), f(980) ) + y 4

Motivations = Data collected in the year 2000, L
f,(980) and a,(980) are not easily described [116 pb ( 5% 107 (0 - meson decays)
as qq state§ and other interpretations are = For thef, analysis used @ - (f,y)
suggested : rerOy decay (5y final state)
= gqoq States (lower mass) = For ¢ -(gyy) N’y decay analyzed :
= KK molecule (m(f,,a,)~2m(K)) * Syfinal state (N - yy)
= f,, & and 0 — lowest mass scalar qq * 2tracks + Sy final state
onet (n- 11T TO)

=>@ fyy, ay = sensitiveto f,,a, nature: phenomenological

radiativey framework (kaon loop model)
® g(¢KK) from I (@>K*K")
i o © olfokK) g@KK)|, o 3 mode
® g(f,m) ganm |” M) M(nm) spectra
final state

Kaon loop
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¢ - (foy) Py

Selection T o
U — p—EHoTy
= 5y with Ey>7 MeV L= A
= Kinematic fit 2wl — goor _ }f, '|_
Possible background from g | e Lb) !|
cgte - WP - TOTOY S st e |
* @ nrty -5y P |
* ¢ —ny -3ty S i
N = 2438 + 61 events
BR(¢p —mfrfy) = 2 50— a0 oS
(1.09 + 0.03(stat.)  0.05(syst.) )x104 m (MeV)
PDG: (1.08+0.17+0.09) x 104 Fit to the M ;o0 Spectrum (kaon loop)
Fit result « contributions from @ -f,y and @ - oy+
M(fy) = 973+1MeV negeative interference o N
QR(fKK)/ATT= 2.79+0.12 GeV? * ¢ - p1P - 1OV contribution is negligible
g(fomm /g(fkk) = 0.50 £ 0.01
g(eoy) = 0.060 + 0.008 Phys. Lett. B 537 (2002), 21
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P —(ay)NTy

Investigation of ¢ — NTPy was done « Data
by two samples : Y 'l
— ny - e T
)n-vyy (5v) " e oy | 1
N = 916 events at background N = 309 + 20 = 1

BR(@—»nm%) = (8.5 £ 0.5(stat.) £ 0.6(syst.) )x10° Samplel -+

2) N - 10T TP (2 charged tracks + 5 ) » |

N = 197 events at background N =4 + 4
BR(@—nmPy) = (8.0 £ 0.6(stat.)  0.5(syst.) )x10°

I:.Ifnnllh'ln 65 T TED EN S0 R0 950 1N 10SD

Mnme (MeV)
Fit result BR(Q-»ay—NM%) = (7.4 + 0.7)x10>
Using Mg, = 984.8 MeV (PDG) fit to the Mnm®
spectra gives: BR(@—fy)BR(p—~a,y) = 6.0+0.6
0?(aKK)/4t= 0.40 £ 0.04 GeV?
9(@nm) /g(&iKK) = 1.35£0.09 Phys. Lett. B 536 (2002), 209
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Summary of fit results /oﬂ&@

Comparison of fit results with predictions based on the kaon loop model suggested by
Achasov-lvanchenko, (Nucl.Phys.B315(1989), 465)

fo KLOE 49 model
g°(fokK)/ATT (GeV?) 2.79+0.12 "super-alowed" (few GeV?)
g(fortm /g(fokK) 0.50£0.01 0.3-0.5

do L [
gz(aOK K)/4Tt (GeVZ) 0.40+0.04 "super-allowed" (few GeV?)
g(aon) /g(80KK) 1.35+0.09 0.91

= f, parameters compatible with 4q model

= &, parameters not well described by the 49 model (2001 Data = more
accurate study of ay)
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o(ete” - hadrons)

= KLOE can measure hadronic cross section
using radiation return method (studying the Gk
process e'e- - hadrons (TT'1T) + V)

= KLOE energy rangeisresponsible for 67 % : n
of éau and for 17 % of da(Mz)

Absolute cross section of ete-— 1T TT+ Yy measured as :

dJmTy: Nobs—NBPKg y 1 1

X_—

2 AM 2 £ . &
M 72 7T et acoept
= Data samples corresponds to an integrated luminosity 22.6 pbt shows awell
understanding of background NP9, efficiencies (&g and €,.,) and luminosity (L)

= Convenient measurement of hadronic cross section at level < 1 % will come on 2002
data analysis
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Conclusion and perspective /OEL&@

» DAFNE improved continuosly during the two yesr of KL OE data taking and
collected (1500 pbt

» Physics runs showed a good performance of the KL OE detector
» From 2000 we measured :

= Ratio Ks- 1t /Ks - 101

=>BR(Ks- Tev)

= @ - (QY)TPTPY , @ - (Y)Y, @ - rly, nyphyscal parameters
» Present PDG values are improved considerably

» Analysis of 2001 datain progress (L1200 pbt). Expected new results are :
1) rare Ksdecays ( BR ~ 10), 2) KL decays (- 1°1°, -vyy), 3) charged kaon
physics, 4) hadronic cross section (with error < 1 %)
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