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KLOE: Physicsat a ¢-factory

A ¢—factory isacollider e'e M ain focus on KAON physics

running at Vs = M¢  CP double ratio/interferometry
« CPT test with semileptonic K, K,

) I 1 I 0* I charge asymmetries

oV kaon form factors from

us’

semileptonic Kg, ,K* decays
(980) * Rare Kg, decays
(K> 3n°, ttnn®, K —>7yy...)

BR 83%

KK

Non Kaon Physics

770 e radiative ¢ decays (scalars,
BR15% P pseudoscalars + photon)
BR 15% e pr final states

e hadronic cross section
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H A ee collider @ Vs= M, = 1019.4 MeV
—— | « 2interaction regions (KLOE — DEAR/FINUDA)
("1 g . oo 0
- ; [ Ac o Separate et, e rings to minimize beam-beam
| | Al - M'V interactions
i S | J *“someve  * Crossingangle: 125 mrad ( p,(¢)~13 MeV )
L. 1wt
. | I-|I
| TEET.
il BEAM
’“f\ql\'-_.

i . :Ir f_‘r;"} ;
7 ACCUMULATOR
S 510 MeV
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DA®NE: the Frascati ¢-factory

Parameters n (KE O (K HOE

Number of 1LzUt ‘ 1iutll

hll;erfhi 0 190 49+49 n

Lifetime (mins) 120 40 70

Bunch current(mA) 40 20 20

o 4. 1.0 - 1.0 -

L buncn (CM#S7) 1130 1130 1130
s o3 WO - AX) -

L peakc (CM™257) 1032 1032 1037

| njection during data-taking :
o 3fillings per hour
e x2 .[Ldt
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KL OE data taking: 2000-2002 @
Alo

_ 350 _

5 300 2000: 25 pbt First

= L published

2 200 _ )

g 150 2001: 176 pb Ana]yS|S

B ‘i 55010°¢ decays

B . -1

g 50 2000 2002: 296 pb Orogress

= 0 Tl | 92010° ¢ decays

0 50 100 150 200 250 300 350

Days of running

2002 run:

* Best valueof L, . 7.8 x 10t cm~—2s?

* Best det in oneday: 4.5pb-1
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KLOE datataking: 2004

a8\l New KLOE IR installed
fE—— 1 | July 2003

* The new interaction region has modified optic in .
order to decrease the | P beta-functions and lattice Goalsfor 2004:
chromaticity, optimise background rejection and — 9 . 32 o |
provide variable quadrupol e rotation to operate at L peak 2-10°cm™s
different magnetic fields in the solenoids. L . =1 -1

 Injection efficiency improved Int / day O pb

«  Wiggler magnets have been modified, in order to L i [year >1 fpbl
increase dynamic aperture and lifetime
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Kaons production

The ¢ decay at rest provides monochromatic and pure beam of kaons

e The KK pairsin the final state have the same ¢ quantum numbers, i.e. are
produced in a pure JF¢ = 1-— status
Ks(K*)e=—— @ —— K (K7) purity ~10°10

i) (K0 PY K] [0 K )

e Tagging: observation of Kg, signals presence of K_ ¢
- precision measurement of absolute BR’s
- Interference measurements of KcK, system

K*K- K, K
1.5x 10°/pb1 10°/pb?t; p* =110 MeV/c

p* =127 MeV/c As=6mm Kgdecaysnear interaction point
A,=95cm A =3.4m Largedetector to keep reasonable

acceptance for K, decays (~0.51,)
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The KLOE detector

The KLOE design was driven by the measurement of direct CP'through the double ratio:
R=T(K_ —>n'n") I'(Kg —)TCOTCO) | T(Kg —>n*n”) T'(K —»n1Y)

N f?,//ﬁ W\\Q\T%/

CoOIL

Cryo 1:1|

%ﬁ///@\\ 2/ N\\

{3 rr

m:lg/

e Bebeam pipe (spherical, 10 cm &,
0.5 mm thick) + instrumented per manent
magnet quadrupoles (32 PMT’s)

e Drift chamber (4 m & x 3.75 m, CF frame)
o Gas mixture: 90% He + 10% C,H,,
o 12582 stereo—stereo sense wires
« almost squared cells

e Electromagnetic calorimeter
o lead/scintillating fibers (1 mm &), 15 X,
¢ 4880 PMT’s
» 98% solid angle coverage

e Superconductingcoll (B=0.52T
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Detector performances

p/ = 0.4 % (trackswith 6 > 45°
o, Mt =150 um (xy), 2 mm (2)
vaertex ~1 mm

s(M_) ~1MeV
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o, = 54 ps NE(GeV) @ 50 ps
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Kaon physicsat KLOE

thistalk:

* Neutral kaons tagging

o Ks—>mnin? preliminary results

e Kg —>mnev Phys. Lett. B537 21 (2002), preliminary update

e K, semileptonic decays inprogress
o K* semileptonic decays inprogress

other topics:
Ko (y ) Ksg—>n'n? Phys. Lett. B538 21 (2002)

Kgmass KLOE Note 181 ( http://www.Inf.infn.it/kloe)
K, —>yy/ 79’ Phys. Lett. B566 61 (2003)

KK, interference In progress

Kf>n *1% Kf>puty in progress

Kt i7" preliminary results, hep-ex/0307054

K* — nOrnltv in progress

Recent resultsfrom KLOE at DA®NE — M. Palutan — Padova, 24 March 2004 11



Neutral kaonstagging: K,

o K, tagged by Ks— n*n vertex at IP

e DCresolution on n*n~ invariant mass oy, ~1 MeV

e Tagging efficiency &y~ 70% (manly
geometrical) = 2.2 10° tagged K
SO >
D
= f
o f ]ll
.
[
[
10000 | II!- I|I
f Kinematic closure of the event
; LM (MeV) (PL=Py-Py): |
. - . K, angular resolution: ~ 1°

s L L= L a4t L L0 /i ‘DLHD ba LIS Dl g S5

K, momentum resolution; ~ 1 MeV
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Neutral kaonstagging: K¢ *

e Clean Kgtagging by time-of-flight

identification of K, interactions

in the cal orimeter
e K, velocity inthe ¢ rest frame
B*~ 0.218

o Tagging efficiency &, oy~ 30% = 1.5 10°
tagged K¢

e Ko1n
— K —7'% rephased

L5000
12500
Looon
7500
5000
2500

Kinematic closure of the event
(Ps=Py-PL):

K angular resolution: ~1° (0.3° in ¢)
K s momentum resolution: ~ 1 MeV

D2 0.21 0.22 0.23 024
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K> nnOn® — Test of CP and CPT

» Observation of K¢ — 3rn° signals CP violation in mixing and/or in decay:
SM prediction: I'q=T" [¢[%, giving BR(Kg — 3r°%) =1.910°
Present published results: BR(Kg — 3r°) < 1.4 10> (90% CL)

 Uncertainty on K, — 3n° amplitude limits precision of CPT test:
from unitarity (Bell-Steinberger)
(1+1tandg,)Ree — X A*(Kof) A(K )T = (-1 + tandg,) IM S
(€5 =€*0)
A limit on BR(K;— 3r°) at 10’ level trandlatesinto a 2.5-fold
Improvement on theaccuracy of Im & (5210 — 2¢10), I.€.

S(MKO_ MKO_) ~ 51019
My (I'vo=I"zgassumed )
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Search for K — n9r0r0

¢ KJ'stagged by K4, Identification [
(1.5« 108 events) .|
¢ 6 photons (neutral clusters, TOF '
consistent with 3 = 1)

¢ No charged tracks from IP !
¢ Kinematic fit: a4 $1
e Impose K ¢ mass and energy- i ‘ I
momentum conservation, : #}tﬂ
B= 1.for each y ! I #&’_
- Estimate E, r., t, Vs, p, _ ¥

LT
¥ I T | O S T | P i i L g bl y
1 10 20 30 <l 50

Rejection power of y2, not sufficient to eliminate main et

background dueto K¢ —»>nn? + 2 fakey's
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Sear ch for K¢ n91%1% — 270 vs 3r°

F‘?iﬁ

Torgect background compare
3t vs 2t hypotheses:

7(237c — pairing of 6y clusters
with best ° mass estimates

2, — pairing of 4y’s out of
6: m° masses, E(Kg), P(Ky),
c.m. angle between 1% s

Definition of the signal box
obtained from analysis of 6-
pbt-equivalent MC
subsample

g L

80F |

. |Data

m.élg,/

| ~IMCKg— 3n° :-:;';-_:-:f

-
= ] + n - - . '_- d . 5
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Sear ch for K- n%7%7° - sidebands

j e Data :) 211: £ I\D/Ia(t:aKS_)?mo

| —MCKg— 2r° o R
300 F— BR(K¢—> 310 = 105
200

- 20 .-. 40

. K¢ — 3n° decay switched
100 on during M C production

' of 450 pbt equivalent data,

with BR equal to the
, T T present upper limit
00 20 40 60
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Search for K< %1% - sidebands )

m.élg,/

i . Dlata

- o Data ol i ' | MCKg—> 3n
 —MCKg— 2n° :

- —BR(Kg— 3r%) =10

s

750 |

500
o0 | Absolut_e B_KG
; nor malization
: 2 better than 10%
.._X3“ In all control boxes
0
0 10 20 30 40 50
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Search for K— %797 —signal region

200

150

100 |

50

0
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e Data
- —MC Kg— 2r°
" —BR(Kg— 319 =10°

| | 4

L I E i L illa, _t i E

0 10 20 30

2
XZﬂ:

10

20

30

40




K> 10 — Preliminary results

¢ UL optimized by varying in MC: Signal-Box definition, cut on %2, and residual
Ksenergy (AE=Mgy/2-ZE ). Wefind:

* N (data) = 4 events selected as signal, with efficiency ¢, = 22.6%

* Ny (bkg) =3£1.44, £0.2, 4 bkg events expected from MC

¢ Folding the proper BKG uncertainty we get: N5 < 5.8 with a 90% CL

¢ Normalizeto Kg— n%t° count inthe same dataset  (38x10°, € ,. = 92%)

Lr

BR(K; — %1% < 2.1 107,

NSTE / 837:

BR(K s — n%°r0) =

N,/ €,

A(Kg— 1°q0)

A(K, — m%x°r0)

Thistrandatesto: Mgyl = % 2.4 102
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K< mev decay — Test of CPT

Sensitivity to CPT violating effects through charge asymmetry:

['(Kg, - mev) -T'(Kg, — n'ev)

Sk ['(Kg, = metv) +[(Kg — nev)
(mtev|Hy K =a+b b=d=0if CPT holds
_ 0 — * .
(me'v|Hy K’ =a'-b K — mev amplitudes
(ne'v|H K% =c+d c=0d=0 by AS=AQ rule
(e u|Hy K = ¢ - d

Ac=2(Reg, +Red, +Rebla -Red'/a) |As— A #0

implies
A, =2(Reg, —Red, +Rebl/a +Red'/a) GFI)BT
cP CcPT in CPT in  AS#4Q
mixing decay and CPT
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K< mev decay — Analysis outline Hj

ok 7

¢ K. tag+2tracksfromIPwithM__<490 MeV (rgect Kg—nn(y))
¢ TOF identification: compare n-e expected flight times, rgject nw,mu bkg

do ¢ 4o =0t(m,) -8t(my) (8t(M) = ty gy - 1.0.F)

il DR R UL N
SB[ i i 4 9
o | i jide -]

3 3

2 2

1L 1

0L 0

-1 1 o 1 —];
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K< mev decay — Events counting

Kinematic closure: use K, to
obtain K¢ momentum P, and
test for presence of neutrino:

Emis.s = \/MKZ t I:)KZ _ En_ Ee
I:)mis.s = |PK _ Pn_ Pel

Determine number of signal
counts by fitting datato a
linear combination of MC
spectrafor signal and
background
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6000 [

5000

4000 |

3000 |

1000 |

0

- ev/MeV

e Data

- — MC sig + bkg

i Emisﬁ_CPmiss

(MeV)

L N(n'e v)=11,805%177
2000 [

-60 -40 -20

=
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K< mev decay — Events counting

Signal spectrum clearly 2000 - oy/MeV
sensitive to the presence of a E
photon in the final state 1600 - © Data
- — MC sig + bkg

Include radiative effects [
through an IR-finite 1200 -
treatment in MC (no ener gy y
cutoff) :

800 -

Normalize signal countsto
K¢ —nn(y) countsin the :
samedata set (use PDG03 400 ©

for BR(Kg—>nr(y)), dominated
by KLOE measurement )

miss

E s CPric(MEV)

L e R O
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K< mev decay — BR and Ag

Selection efficiency (given the tag) is evaluated by charge, using data

control sample of K, — nev decaying closeto IP:
e (ne") =(24.1£0.1+ 0.2)% ; ¢ (n*e) = (23.6x£0.1 £ 0.2)%

BR(Ks— ne*v) = (3.54 + 0.0544 + 0.055,4) 10
BR(Ks — nev) = (3.54 £ 0.054, + 0.04,4) 104 or aimi nary
BR(KS —> TC@V) — (709 + O'O7Stat + OOSSySt) 104 evaluation of the

(Published result: (6.91 + 0.344, + 0.15,,4) 104, KLOE '02) systematics near
completion

Ag=(-21% 944 644) 102  (never measured before)
(A, = (3.322 + 0.058 + 0.047) 103, KTeV 2002)

next year run  2fb! - o(Ag) ~ 3103
CPT test 5(Red,)= Yao(Ag) = 3« 10 - 20 fb?

future:
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Unitarity test of CKM matrix —V

* Most precisetest of unitarity possible at present comesfrom 13 row:
|Vud|2 + |Vus|2 + |Vub|2 - |Vud|2 + |Vus|2 =1-A

* Cantestif A=0at few 103. PDG02 A =0.0042 £0.0019
from super-allowed 0*— O* Fermi transitions, n -decays. 2|V 4|0V 4 = 0.0015
from semileptonic kaon decays (PDG 2002 fit): 2|V JoV =0.0011

* |V | isextracted from K ; partial decay width:

1_‘i(K — TE|V(’Y)) = I\Ii |Vus|2 |f+l(0) |2 Ii0‘*+17\“0’a) Sew

e wherei runsover the four modes K+0(e3), K+9(u3)

G2, M3
N = C? [Ci=1(2%) for neutral (charged kaon decays)]
- 1923
o f,. 1(0) form factor, 1(A) phase spaceintegral, S,, short distance corrections (1.0232)
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I'(K = nlv) : EM effects

A precise determination of V ¢ needsinclusion of EM effects (few 10?9)
Li(K = wlv(y)) = N Vol Sy [f(0) P 1Ay h,00)

o I (Aihg,) = | (A,,A0,0) ( 1+Al (A,,2,) ) phase space corr. duetoy radiation
« £, 7(0) =f,%0m(0) (1+0' gy )(1+3y,,) isospin breaking effects both of
strong and electromagnetic origin

o f,KO0m(0) form factor at zero momentum transfer: pure theory calculation (xPT)

* Relative uncertainty:

Wi _ e B o s g (O
VT T A £.50(0)

05% @ 03% @ 1%

ud
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K< mev decay — V. f,5™(0)

Compare our K measurement ‘ V., f+K0”_ (0) ‘
of V <f.X™0) with:

« PDGO2 fit results for 0.22 |

[(K*— n°1*v) and T(K — ml*v) |

(radiation effectsnot known) .| ]

E865 experiment

e ['(K* — nf%*v) from | - | T S
o2y } ............................................................... { ...............................

« CKMwg prescription is used to |
extract V  f.*™(0) from the partia 0.205 |

decay width K.* K.° K.* K_.°

Our preliminary result agrees better with latest K* data, while showing a
appreciable deviation from old K%,
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K< mev decay —V . determination

0,235
PDG02, CKMwg use R S B S B
£, (0)= 0961 + 0008 0.23 | || Unitarityand V4
fromLeutwyler, Roos |
Z Phys. C 25 1984 225 ¢
e p* contr. in yPT 0.22 ¢
. confirmed by alattice 215 |
calculation
(Isidori et al., hep-ph 0403217 )
0.21 " 9
KE3 KE3

A recent determination of f (0) (Cirigliano et al. hep-ph 0401173 ) differs by +2%; the same
authors suggest to use experimental ratio I'(K%)/T'(K* ;) to improve the theoretical estimate of
f+Kn
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K, decays— Present knowledge

Knowledge of 4 main K|, BR’s at present dominated by 3 measurements:

'K, = n%0 'K, - nonon% . :
(KL — nPn°n) and (KL > monr ), with ~2% relative uncertainty [NA31]
'K, — mev) (K, — n*nnd)

['(K, = muv)

we = = (0.702 £+ 0.011 [Argonne HBC 1980]

\ ['(K, — mev)
3-c discrepancy (~4%) between measurement and expectation for R
R e = 0.671+ 0.002, direct measurement for K*, from KEK-E246 2001

R /e calculable from the slopes 2., and A, of vector and scalar form factors:

0.670 £ 0.002, if A, =0.0183 + 0.0013, from ISTRA+ 2003
0.668 + 0.006, if A, =0.017 + 0.004, from one-loop y Pt
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I |
Kbof

Have to precisely measure absolute branching ratios, with rel. accuracy < 1%

J

—r

K, decays— Status and objectives

——
i

¢ K, decay vertex in afiducial 10° EviIMeV 100 pb~*'01 data
volumein DC (givena Kg— min- 125 -
tag)
¢ Kinematic identification using 100 KL= muv
reconstructed momenta |
450pb 1= 3¢10° K , events|

¢ In progress: 50 % o

« New detailed MC with radiation LR

and T—u—K, response

i } .. ) 25 KL —> TC+TC_TCO

 Selection efficiency as afunction of

K, vertex position and momenta of N

decay products -150 -100 -50 O -50 100 150

Lesser of P« — E i iN T OF pumt hyp. (MeV)
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M C ssmulation

Simulated event samples statistically comparableto data
¢ — dll 452 pb~t at 1.5 scale ~300M events

o — KK, 452pb-latl:lscale ~500M events

Each run in data set individually ssmulated
Vs, g, X,, background, dead wires, trigger thresholds. ..

Inclusion of accidental activity from machine background

extracted from ete — yy eventsin data set
Inserted run-by-run to match temporal profile of bkg in data

Tuning of calorimeter response smulation on p, &, K,

Suite of new generatorsintroduced, particular emphasison

_radiafive processes
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Generatorsfor radiative K decays ﬁ )

M otivation: acceptance evaluation with accuracy

better than 1%, shape of kinematic variables (e.g. % 05k Suse S
E P SPECtrUM) 5 4/\/
e 1o
New M C generatorsfor nt and K13 decays : g £ \ebl
including radiated photon, without any cutoff on the o A ( j
energy. Thefraction of eventsin thetail isin o
agreement with present experimental knowledge: \
BR(K, — 7evy,E, >30MeV 6, >20°) 0 by
BR(K, — 7ev) - TLTTY
kTeV (0.908+0.015)x10* 'ﬁwm
Bijnensetal 0.93x10°° g I i
5 a 0 Li) & 20 o 120 140 el 1D 200

BR(Ks — 77y, E, >50MeV)  E731 (2.56+0.09)x10°3
BR(Ks — 77) MC 2.6 x10°3
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Charged kaons— Tagging

Measurement of absolute BR's. K* beam tagged from K= — =%, u~v

» Two-body decays identified as peaks
In the momentum spectrum of secondary
tracks in the kaon rest frame: 6°10° tags/pbt

102 Ev/0.5MeV

e Data
30000 — fit: wr” + pv

Kinem. ID

2000

1000 |

L

180 200 220 240 ' (Mev)
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Char ged kaons — K*; decays

¢ After tag a dedicated reconstruction of K* tracks is performed, correcting for
charged kaon dE/dx in the DC walls

Ev/(14MeV)?
EVLMEY) TOF ID
e 1-prong kaon decay vertex in agiven 8000 Oev
fiducia volumein DC I i e Data

e Reject two-body decays by cuttingon P 8 e MC fit
e 10 search: 2 neutral clustersin EmC, with ' y
tof matching the K decay vertex

e Obtain charged daughter mass spectrum 4000 2 ROMV
from TOF mead irement- [ * ' ‘;ﬂ
tdeey, =1, -L, (E/p,c®) = (t,-L./C) e LR L
F L4
450pbt= 310° K 5 events 0 20000 40000
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“Non-kaon” physicsat KLOE

ﬁ"--.
I;| |Ir. b=
l'k @;‘.
KLof

thistalk:

- o(ete- —hadrons) preliminary results, hep-ex/0307051
other topics:

o — foy ,agy Phys. Lett. B536 209 (2002), B537 21 (2002)

n — yyy hep-ex/0402011, submitted to PLB

n — ntand IN progress

o> Ny Phys. Lett. B541 45 (2002)

¢ — nrrnd Phys. Lett. B561 55 (2003)
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a —SM prediction vs experiment

Updated measurement from E821@BNL, averaging resultsfor u* and p:
a,= (11659208 +6) 10717

a,(QED), 11658470.4+0.3

Contributions to the SM prediction: a,(weak), 15.4+0.2
(10 units) a,(hadronic), ~700
. . . 1 .
Uncertainty on lowest-order hadronic vacuum polarization, dominates
L
T h

Hadronic correction to the y propagator not calculable by p-QCD for low M.
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a —SM prediction vs experiment

Dispersion integral relates a,"*(vac-pol) to o(e*e — hadrons)

H |2
H

,had,jo _ 1
H 47"3* 4m§

Ue"‘e_—rhadr(S)K(S)dS

Process e'e — n*n” @ Vs < 1 GeV contributes as much as 66% to a,"
So far, estimates of auhaﬂI from:

e measuring o(e'e — n*n’) vs Vs at an e*e collider, varying the beam energy
(CMD2, 0.9% rel. uncertainty)

e using the spectral function from t* — n*n’v_(LEP, CESR data)
However, a (e'e) —a (1) ~ 20 10"

Recent resultsfrom KLOE at DA®NE — M. Palutan — Padova, 24 March 2004 38



c(e'e —» n'n) from ny events

Measure o(e'e — n*ry) at fixed Vs i R AVA A
Exploit ISR to extract o(e'e -» n*n)for € € , '

Vs from 2m. — Vs S "
“ v (S =s—2Eys) . 2 IV\& s’

Have to watch out for hard FSR:

.
» Rate ~ same order as ISR signa e e g2 v
» FSR causes events with M., = Vsto g L hadr.
be assigned to lower Vs values Yy S s'
— P\
Have to properly include radiative corrections, N\(\\\i:l
N\
Must remove vacuum polarization,
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o(nmy) — Analysis scheme

25 £ FF

Compute photon momentum,
without explicit y detection:

Py = Per™ Pe- = Pry= P

Select signal with asmall-06 photon,
to enhance ISR: do,/dQ2 ~ 1/sin%0

e relative contribution of hard FSR

below the % level over entire
M__. spectrum
* no acceptance M__< 600 MeV

* Reduce background

b1 [

Residual background from n*n—n’, etey, m—y
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o(nmy) — Preliminary result

Luminosity from e*e(y) counts, 55° do , (ete - wty) (nb/GeV?)
<0,< 125°, & calculated at 0.5%, dM..* <
: © SEATAY A
experimental accuracy 0.3% <l :
Experimental M__2 resolution ° o L
unfolded in all spectra shown a0k o %o
30t S oﬂnﬂ ]
Radiator function H(M __2), defined as: ° @, -
do(nmy, M_2 20k o S ecocnoaed
( ! 2 ) = H(M 2) G(TCTC, M 2)9 ©
dec T T © P
. . . .. 10+ o OCH (M 2)
with inclusion of radiative effects, from o T )
QED MC calculation (PHOKHARA = STy
generator, including nl,nnl corrections, Karlsruhe ™04 05 06 07 08 09
Theory Group, Kthn et al.) M mz (GeVZ)
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a —Preliminary results

Calculating the dispersion integral, o(ete > ') =

a,"*(0.35<M,,<0.95 GeV?) = (3892 | [ =15 _
+ 0.8, + 4.7 4 + 3.9,) 1010 [Pl ;
40 ©  —KLOE
« Comparison with CMD2: Ff | e CMD2
rdrn(().37< M_< 0.93 GeV?) = 3

a7 r VI= 3 I

KLOE j e
(376.5+ 0.8y, £ 5.9+ theo) 1072 j,

CMD2 20 ! 4
(378.6 £ 2,745 + 2.3 4 theo) 1070 7 “*1:
« Measurements arein agreement 10;‘34 qum
e e'e- —t discrepancy isconfirmed M, (GeVv?) ﬂ*ﬁ

o . 05 0.7 0.9
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a, — Prospects

4000

Measure o(ntrt) in the region close N(rmy) / MeV
to threshold, M__ < 600 MeV, 3000

responsible for ~20% of g "

: : 2000
This region currently excluded by 3
angular selection 1000
Contribution 193%

1000 - to ay (x10'") 10° N(TCTC'Y) / |\/|eV
sook OLTT), nb < >
600 I 102

400

aulllil 5[.3[:1 ﬁllﬂl T[.:l[.ll Hlllﬂ Lj'[.:l[:l I[].[][J M T (M eV)

I\/Iy* (MeV) 300 400 500 600 700 800 900
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¢— scalar + vy

e 'n7y a large 6, angle
- first hints of an f;(980) signal
- Study interference pattern between FSR

and ¢ — fyy

e '’y high stat. sample for ¢ — fyy —» n¥n"y
- high stat: Dalitz plot to separate not resonant vs resonant contribution

- interference between ¢ — Sy and VDM production

M,.* (Gev?)

0.6

25

o,i(€e'e > on® - 1l ) (nb)

e

G — scalary — om0y ) (nb)
b

§E

0.2 |

—>

02~ 06 M_2(Gev?

"7 1010

ioﬁa | 1ol7;2l Vs (MeV)
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¢—> pseudoscalar + vy

~ 20 million n’s produced

Sear ch for forbidden n decays.

C violating: BR(m — vyy) < 1.7 10>, 90% CL, hep-ex/0402011

o (best world limit)
CP, P violating: BR(m — ) <910, 90% CL, in progress

Precision studies of meson dynamics:
Dalitz plot analyses of n — 3, 1 —> wlyy, andn — winy

Pseudoscalar mixing angle measur ements, ¢ — n'y decays.
Analysis of ntn~3nl final states from decay chainn’ — nrr, n — 3w

BR(¢ — n'y) = (6.04+0.104,4+0.364,4) 10>, confirming previous KL OE result
Can extract mixing angle, uncertainty at 1-degree level
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d—meson properties

« Combined line-shape fit in principa decay channels
« Measurement of T'(¢ — e*e’) from FB asymmetry vsv s
» Measurement of ['(¢p — p*u~) froms,, vs Vs

(625 k/ i
/‘Q/. b
//77 : f
062 //7
N2
Vs (MeV) Vs (MeV)
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Conclusions

KAON physics:
¢ Sensitivity to K_BR’sat the 107 level (preliminary UL for K — 31°)
¢ Measurement of K _; mode at the % level, 102 accuracy on Ag

¢ Measurement of BR’'sfor semileptonic K, and K* decays in progress
e Huge statistics, uncertainty will be limited by systematics
 Will clarify situation concerning V

Non KAON physics:
¢ Analysis of o(had) at small angles almost completed (draft in preparation):

measurement of a " with 6 10-'° total error, o(e'e” — n'n) at 1.6%
-L arge angles meas. in progress: g™ contribution for M, .< 600 MeV

¢ A lot of measurement in progress on light scalar, pseudoscalar mesons
and on determination of linesnape and I},
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April 13th: KLOE restart

i ——

8 - 18./3/1999 17:3

e il _f

Start new long data taking with higher luminosity: >1 fbt
| nterferometry measur ements
Measure CPV parametersin K, decays
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Sparedides
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Ks— 1010 - MC reliability

Data-M C comparison, M C statistics ~3 timesthat of data

Y2, Data

80:” l MC Kg— 3n°

Zone
SBOX
UP
DOWN
CSbox
Cup

Cdown

data

337+ 18
493 + 22
382+ 19
5502 £ 74
11249 + 106

24396 + 156

MC

309.5+ 16.3

479.8+21.2

426.5+ 14.4
5595.1+51.0
117441+ 74.0

23844.9 +

1N2 Q
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K< mev decays— Impact of radiation ‘

Signal spectrum clearly 2000
sensitive to the presence of a
photon in the final state

1500

Include radiative effects

through an IR-finite

treatment in MC (noenergy 1909
cutoff)

500 |

'.

=

L

ev/MeV

e Data, bkg subtracted

— MC ggnal:
— K(y), E, <10 keV

D%— K (), E, > 10 keV

ARE

E i< CPic(MeV)

miss
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A first glance at interference

KK = i n'n:

KLOE preliminary
340 pb~1'01 + '02 data

Fit with PDG valuesfor I'g, I',
v2ld.o.f. = 43.7/47

Am = (5.64 + 0.37)x10"1 i s
PDG ’02: (5.301 + 0.016)x10"11 yy s

First observation of quantum
Interferencein relative decay-
timedistribution of K¢, K,

350

300

200

130

e

Ly

—
n |I-=) =
4

\e

| A(At) |20C e—FL|At| 4 e—FS|At| o Ze—(FS+FL)|At|/2 COS(AmAt)

250

100 |

IIJI]I.IJIJI.III.III.IJIIJIJI.IJI.I]IJLIJLI

¥ Coherent K, regeneration on b

o

Peak position sensitiveto Am

No simultaneous events:
same final state/
antisymmetric initial state

w 15 20 25 30 35 40 45 50

It; — tl/t(Ky)
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Selection of K+ ; decays

Entries 259369

e Tagging of aK* beam from _Ev/(14MeV)?
Identification of K- — pv _ Data
 1-prong kaon decay vertex in : it 0
agiven fiducial volumein 8000 ¢ MCHitz v
DC : j$

it 70Ot 0t
* Reject fraction of two-body X A MC fit m°n°n*, m°r

decays by cuttingon P _ ' |
o 110 search: 2 neutral clusters 4000 - '
In EmC, withy TOF wrt K : .
decay vertex Z x A
» Obtain K, counts from § HER T A\
spectrum of M2(TOF, L, p) of ;
charged decay product

0 20000 40000
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Analysisof K* —» n*nn? decays g

o Asymmetriesin K* rates (~10-8) and Dalitz slopes (~10-°) signal direct CP viol.
« Dalitz slopes give information on Al = 1/2, 3/2 amplitudes for K — 3n decays
| BR(K* — nttn'rn?)

PDG'02fit (1.73+0.04)%

KLOE preliminary hep-ex/0307054
441 pb1’01+ 02 data
187 pb ! for signal counting

: (1.781+ 0.013+ 0.016)%
}’l..- -L-: _I F
Ty o - KLOE PDG
VO, i ¥ (ﬂoﬂo}
2y 7 g kb g 0586+0.010+0.012 0.652+0.031
h  0.030£0.010+0.013 0.057+0.018

Preliminary fit to Dalitz plot
FOX,Y)=1+gY +hY?+kX? k 0.0055+0.0026+0.0018 0.0197+0.0054
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M easur ement of o(nny) — Bkg rgection

In the accepted angular region:

Ty |o~ 20nb 3000
eey o ~ 400 nb ents
' o~ 50nb

wuwy |o~ 10nb

2000

0) Preliminary cuton M ..,
torgect ntnn’ events 1000
1) PID obtained using EMC

clusters geometrically connected
to tracks: TOF + distribution of

50 100 150 200 250
energy release my (MeV)

2) For ax+x~(y) final state, calculate m, from:
[Vs—E(m) —E(m)]>~|p, +p_ =0
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M easur ement of o(nrny) — Bkg regection \ e

220

Cutinthem vsM__plane

Choose to be inclusive of 200
additional radiationat M__» >

0.6 GeV?, to alow consistency 180
checks of MC calculation of

FSR 160

« Background below 3%
for M_2>0.4 GeV?

 Estimate and subtract
residual background by
fitting datato alinear
combination of signal and 20
bkg MC distributions 0.3 0.5 0.7 0.9
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a, — Preliminary results —,,, o(tm) o

14001 O\, o (€76 — ') (ND)
++"+.l+
1200 F #
1000 |- + o(nm) =
* do(ntmy)/dM 2
800 | & *,
+ *_._ H(MTCTC)
600 | + -,
++ -
++ T
400 | + -
pt* -
200 | T
1 1 1 1 1 l_‘-\_ﬂ
0.4 0.5 06 07 08 09
2 2
MTCTE (Gev )
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Newson n*n—y analysis

L arge-angle events, study of the
decay ¢ — vy f,— ntny

nrr- system C-odd in ISR
events, C-even in FSR events
and scalar decays

FB asymmetry measures
| SR-FSR and | SR-scalar
Interference:

N_,(6 > 90°) —N_,(6 < 90°)

A-. =
S N_(6>90°) + N_ (6 <90°)

3000
2500
2000
1500

-0.16 [

-0.24

—-0.32

N_/MeV

— FSR-ISR interference
M M(M eV)

880 920 960 1000

Preliminary evidence for an f, contribution
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Search for n — yyy

Violates C, BR < 5x104a 95% CL  PDG’ 02 (GAM S2000)

—> E,q =363 206 .
b — MeV 4 50 - Background
11-:: - b
oy T Y i iy
_ A s0 - from dat 7
Require 4y with fiducial cutson E, 6 -+ S M
: - 20 E bty
Reclustering to eliminate 3y background Y eI TIPS |
Kinematic fit 200
m(nY) veto diminatese'e —> om0 and 5y 10 - Fit resulttowhole
147
background 20 F SPECUUM et
hep-ex/0402011, submitted to PL 60 e \R“\
410 pb'1’01 +’02 data 20 £ s | :
BR(n — 3y) < 2.2x10°5 95% CL O T 300 520 540 560 380 400 420 440 460 480
Emax
e
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