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DA®NE : the Frascati @ factory

Frascati ®—Factory complex

Injection system: LINAC and

accumulator

LINAC
 Separate rings for electrons and L es0 Mev es
positrons — 2 interaction regions oM e
« KLOE experiment at IP1 - kaon
physics, light mesons spettroscopy BEaM

DEAR
FINUDA

 DEAR experiment at [P2 — exotic P
atoms ( FINUDA experiment will study

N\-hypernucler)

IV,

)
ACCUMULATOR
510 MeV

* DA®NE light: 3 beam lines installed 40-m




DA®NE : main rings and performances

 High current to maximize
luminosity (I ..= 5 A per
beam) [ 2 deparate rings
to minimize beam-beam
Interactions

e Beam energy 510 MeV/c

* Crossing angle 12.5 mrad

— small @ momentum
(13 MeV/c)

Number of bunches :
Bunch spacing :
Bunch current :

Single bunch luminosity :

Luminosity:

DESIGN TODAY
120 47
2.7 ns 5.4 ns
40 mA 20 mA
4-1039 cm™2 57! 1-10%0 cm™2 57!
5102 cm™2 57! 6-103 cm™2 s7!



KLOKE integrated luminosity

1999 run: 2.5 pb!

200
machine and detector
150 studies
100 2000 run : 25 pb-!
7.5x 107 @
published results
oL
2001 run: 190 pb-!
0

5.7 x 108 @

Dec Feb Apr Jun Aug Oct Nov Jam ., 1.cis in progress

2002 : 1170 pb~! integrated from May up to now

— 300 pb™! atrunend (beginning of October)




DAO®NE performances: KLOE year 2001

&E‘ . - BEAM CURRENTS (mA) e
= 1 - E i ¢
g 1
<[>=800 mA | S
lllll 1';): ltﬂ-lld- oz N:d.T-ZS — I 1;1:2:1--1;5 — 2;’4:5'-2.5
Time (hh:mm-day)
Refill durin
o & 60— LUMINOSITY/10% (cm?s!)
collisions every ) F e —— SISR M U DAL
15 minutes sof US| B (1N ALUM AR UL
.. 30 - . .
to maximize [ Ldt | ,E AR |
: 1 day
— contiuous B I] I | |
data taking during | 74 19:10-24 04:47-25 W thhz;:lizi:}]
injection!! (5 ms
— peak average
L(cm™2 s71) 4.8-1031  3.5-103!
IdayL dt (pb™!) 3 1.8




KLOE year 2002 commisioning run

Background Optimization

Orbit Optimization (done, continuous)
Old and New Scrapers Optimization (done, continuous)
Sextupoles Optimization (done, continuous)
Octupoles Optimization (in progress..)

Increase Dynamic aperture with better B on Sexts. (in progress)
Increase lifetimes with larger B on Wigglers
Luminosity Optimization

Adiabatic Tuning (in progress anytime)
Different Working Point for e- (done 1s' pass)
Lower BS (done 1st pass)

Low B&! (in progress)

Decrease horizontal emittance




DAFNE performance (@ KLOE IP

BACKGROUND estimate

2001 2002

Ecap hot rate (West-East)
DCH noise (Khz)

90-150 KHz -> 40-50 KHz
15-20 KHz -> 9 KHz

Machine performances

Number of bunches per beam

Total current per beam (A)

Peak luminosity (cm-2s-1)
Average luminosity (cm-32s-1)
Integrated luminosity per day (pb-1)
Luminosity lifetime (h)

Number of fillings per hour

Data acquisition during injection

45+45 -> 47+47
% 0.8-1.0
45 -> 6.2x103!
% 3.0 -> 4.5x103!
2.0->3.0
#03->04
X 4
on




DAFNE 2002 plans and prospects

[ Deliver 300 pb-! to KLOE

] Further improve luminosity and signal-to-background ratio in
DEAR (= 50 pb1)

] During a long shutdown (from Nov 2002 to Jan 2003) install
new interaction regions for KLOE and for FI.NU.DA. with
modified optics and supports in order to:

** decrease the IP beta-functions,

* optimise background rejection

%+ provide variable quads rotation
to operate at different B fields
(from 0 to maximum) in the solenoids. |




The KLOE experiment

: D
e" ¢ collider at the ¢ mass P Decays
I KK~ 49.1%
K/ K¢ 34.3%
:> Very clean environment Tl 15.4%,
:> Pure monochromatic KK beams: ny 1.3%

P,=-Pgy (px =110 MeV/c) =y | prficient tagging

KK pair has @ quantum numbers

AK ) =6 mm (T=90 ps)
(JPC=1-9) AK;)=3.5m (T=51.7 ns)

The design of the experiment 1s driven by the measurement

of direct CP violation through the double ratio
R=T(K, -mm) N(Kg -mn% /T"(Kq -mm) MK, - nn?)




The KLOE detector

Interaction region:
Instrument quadrupoles,
Al-Be spherical beam pipe

SC Coil
5.188 kG

Big volume Drift Chamber
(13K cells, He gas mixt.)

Iron Yoke

Pb-SciFi Calorimeter
| ( barrel + endcap,
15 X, depth, 98%
solid angle coverage)
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DC requirements and performances

« Good momentum resolution for low

momentum tracks
» High and uniform rec. efficiency

* Trasparency to low energy photons

=

3 cm (2 cm for the 12 innermost layers)

4 m diameter x 3.3 m length
90% He-10% iC,H,,
12582/52140 sense/total wires

All-stereo geometry

:

di/dm /0.1 Me

:

O,= 150 pm; O , =2 mm
O,p/p = 0.4 % (for 90° tracks)

A 0y =1MeV/e?
:
."r |
f b
i |
|
]
{
| |
I |

.Illll I:-I'.

7 5
S
4HE AP0 452 g4 4E 4U98 SO0 S0t B UG

M., (MeV)
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EMC requirements and performances

Myy = 135 MeV/c?
Oy~ 15 MeV/c?

Evenis
§ &

* Determine the K; g neutral vertex
with few mm precision

m-
e Discriminate K; — m0m0, m%mO o]
* Pid via time of flight Il
Lead un o e 150 00 e 300
_— M_(MeV)

T —— g, @

= -
- e - - ¥ - = _———p S = =

Fiber length up to 4.3 m (13000 km total)

R(yy) — RQIJr ) (cm)

0./E =5.7%/ V E(GeV)

0, = 54 ps VE(GeV) ps R(w*m™) (cm)
High efficiency down to 20 MeV




EMC + DC performances

We have two completely Intrinsic DA®NE energy spread
independent measurements s (W)

of the c.m.s energy W : Moy W=1019 MeV, oW~0.65 Mev
W, from P(K) (DC) 1.0 | E=510, 0E~0.4 MeV

+ W, from B*(K,) (EMC) +

0.8 - T |
Both methods have resolution ﬂ | H#Fﬁ | |+ T glﬁ
|

| |
0.6 [ I W}} p’ﬂ }
of around 1 MeV on W. ' * | ° %'I
» Using W1-W2 we control * | T | TO*
resolution independently 0.4 |

from beam energy spread
* Using W1+W2 and unfolding 0o

resolution we determine the | | | | Run nr. |

intrinsic beam energy spread 17050 17100 17150 17200 17250
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KLOE physics program

Discrete symmetries
» ¢'/e to via double ratio (CP direct)
 Semileptonic asymmetry (CPT)
* K, K¢ Interferometry

*Kg - V., Ky - 31, K¢ - Ty
K, - 21, K - vy

*V, from K *and K, decays
* 0(e*e” — ') to < 1 % (stat)
on tape

* K¢ decays
BR(K — m*7)/BR(K — 19
BR(K - Tev)

e (¢ radiative decays

® - f,¥,a,y scalar
® - Ny, Ny pseudoscalar

first published results

2001

<+— 2000

15



@ radiative decays

Channel BR (PDG)
ny 1.26 x 1072
% 1.3 %1073 O - POy
n'y ~10-4
Ty ~10-4 .
nmoy ~10-4 ¢ - SOF)Y S - nn/nn
Analysis of 2000 data on:
0 - monY Phys.Lett. B 537 (2002), 21
0 > nNnmY Phys.Lett. B 536 (2002), 209
® - N’y /ny Phys.Lett. B 541 (2002), 45

16



r

¢ — Eseudoscalar +y:ny, ny

According to quark model (assuming no gluonic content):

m = (uu-dd)~2

N = cosOp(uutdd)/V2 + sindp ss
N’ = - sindp (uutdd)/V2 + cosdpss

Assuming: @ = ss state (ay, = 0):
[ - n’y)
'@ -ny)

R =

K,

3

Ky
= cotg’d, F(ap ay)

(F slowly varying function, model dependent)

We measure R to obtain:

v The N—n’ mixing angle

v' A precise measurement of BR(¢ - n’y)

17



r

¢ — Eseudoscalar +y:ny, ny

Al

Used decay chains: o000 [

>0 - Ny - WY - iy ™|

5000

>0 - MY > NI » WY w00

vy from 7° (p — r]y

Same topology: two tracks + three photons AL

¢ - Ny

Different kinematics in the final state

1500 |

1000 |

Background from
¢ - e and ¢ - KK,

500 [

1 1 I | 1
300 400 500 600

e a 2 tracks vertex close to IP

« 3 neutral clusters on time |T-R/c| <5 g,

 Kinematic fit imposing global 4-momentum at IP
loose X? cut + topological cuts on E, E, plane

Ey (MeV)

e(ny) =36.5%
e(N’Y)=22.8%
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(@ - N'Y)/ (@ —» ny): results

500 Rad. y from

N events
m>' 'l "':# -:' - / r]y

L,

int

=16p
2000 dat

Q ﬁ

100 L an
100 150 200 250 300 350 00 4500 500

Ey ]
N@© - ny) =50210 + 220

N((P - r]’V) — 120 + 12stati 5bckg R=

I g i

El]ﬂl 920 930 Q40 950 S6h 970 980 9D 1000

M, (MeV/c)

(4.70 £ 0.47,,, + 031, )x 103

sta

. dp = (41.8 £ 1.7)°

* Bkg (4.2%) vtx(0.9%) clus(0.8+0.5%) X2 (2.3%) presel (2.2%) PDG (3.8%)

* Using PDG for BR@ —~ NYy) BR@@ - N’y) = (6.10  0.61,,, + 0.43_) x 105
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Gluon content of N’

Combined analysis:

N’ =X, (uutdd) + Y. ss + Z,. gy 08 |

Assuming Z,.=0:

1. Constraints on X, ., Y. from
other channels

2. Y »=cos ¢ from KLOE

3. Check con51stency 1n the X;.-Y,,

plane with X =1

—> o

0.4

02

Minimizing the related X2 function:

0.09
Z,2=0.06 4.6

Gluon content of N’ lower than 15%
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¢ - ”'! — T[+T[_7!

Two contributions:

First observation of these decays

>N’ - N
S T[OT[OT[O N

ey = 155 £12

BR(® > n’y) = (7.05 + 0.613:34) x 105

 Bckg from ¢ - KK,

Emm (MeV)

L, =16 pb!
2000 data

In agreement with the @ = n’y = m*n~ 3y analysis

& Ey (MeV)

21



¢ — Scalar Meson +y [{,(980) I=0, a,(930) I=1]

* {,, a, not easily interpreted as qq states; other interpretations suggested:

= qqqq states [ Jaffe 1977 ]
- KK molecule | Weinstein, Isgur 1990 ]

°* ¢ - fyy,a,y BR, mass spectra sensitive to f,,a, nature (achasov, vanchenko 1989)

e dl (¢ > Sy - aby) _
0.8 dm
- 2m2 (@ — SY)[(S - ab)
! : n Dgl?
0.2 ﬁ\h " e ;
(il .51 b=l AR .UM} 1.1

dlr /d M- xBW x k3 x Overlap
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® —» Scalar Meson +y [{,(980) I=0, a,(980) I=1]

Kaon loop approach

* Approach:extract phenomenological coupling constants

Y
final state: f, - mn%, a, - nm’

9
SR ® 2(¢ KK) [ From Me>K'K")
f,,a,

Kaon loop O g(fKK) g (a,KK)  M(n°r°), M(nm)
® g(f,mm) g (a,Nm) Spectra

Final states: 5 photons (f, - mn%, a, - Nm¥ - yynY)
2 tracks +5 photons (a, - Nm° - ™ n9mnO)
Sample selection:
* 5 prompt photons (+ 2 tracks from IP)
« Kinematic fit + topological cuts

23



¢

S £,(980)y / a,(980)Y : data quality

400

200

200

100

(p — f()y — T[OT[W

(@

e Data
— MC (5+B)
71 MC (Bckg)

600
400

200

300 F

200

100

0

400 |

L

int

2000 data

C IIIIIIIIIIIIIIIII
0O 02 04 06 08 1

|cosy|

Events
ST EETERRERE

- __.__..:__ ——

=16 pb!

¢ - ayy - nnt

Rl Bl Bl L X

s BE AT
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¢ —» f,(980y - monY

Ny = 2438 £ 61

BR(Q — TOnYy )=
(1.09 £ 0.03,,, % 0.05, ) x 104

[CMD-2 : (0.92 £0.08 £ 0.06) x 104]
[ SND (1.14£0.10 £ 0.12) x 104]

Fit to the M spectrum with:

De- fy - nmn%

2) ¢ » oy - MYy

3) ¢ » pM°~ MY

» Strong 1), 2) negative interference
»  Negligible contribution from 3)

Fit results

e M(f)= 973 +1MeV

e BR(Q > fy > mn%y )= (1.49 £ 0.07)10

dBR/dM x 10* MeV'™")

75 |
— =i +o)y

=1y

Intertference [ ; k

:5[..|...|. | sy

800 Qo0 1000

M, (MeV)

300 A0 500 GO0 TO0

e g2(fKK)/4m =2.79 £0.12 GeV?
e g(f,mm) /g(f,KK) = 0.50 £ 0.01
e g(goy) =0.060 * 0.008

25



¢ - a,(980y - nn%

]

Nppy = 607 36 [N - vvy]
BR(¢ » nn% )=

(8.5 £ 0.5, £ 0.6, X 10-
Nony = 197 + 14 [N - mm 9

BR(® - nn% )=
(8.0 + 0.6, * 0.5.,) x 10-°

[CMD-2 : (9.0+24+1.0)x107]
[SND : (8.8+1.4+09)x107°]

Combined fit to the M spectrum:
>0 - a)y - NnM% dominating
> - PO -5 N negligible

Fit result: Fixing

the a, mass to PDG

% 10

)

o
o
I

dBR/dM (MeV™’
o
I

%} ®
1 | |_-‘l--.T_"l""|"'1----r---l--" L bt

650 e S 900 950 1000 1050
M{nm) (MeV)

* g2 (a KK)/4T = 0.40 £ 0.04 GeV?
® g (a,nm) /g(a,KK) = 1.35+0.09
e BR(Q » ay — N )= (7.4 £0.7)10°




Hadronic cross section

+
e KLOE can measure 0(e'e” - hadrons) using the &
radiative return, following a complementary
approach with respect to the standard energy scan:

do(mny )/dM, ;2 = R (M,;2,8))xo(mm,M,;2) "€
with (2mp)? < M2 <(My)* [0.08 - 1 GeV?]

 [7D% of da "¢ (5000 x 10~!!) comes from this
interval of M2

00 Gev 20
12 Giay

36 Gal

e knowledge of ISR function and rad cor (espe-
cially FSR) 1s essential - EVA Monte Carlo

27



Hadronic cross section

e‘!’
Two tracks from IP, cut on 6. n
1) large angle 55" < 0, < 125 .
e y in the calorimeter e
e larger contribution from FSR

o 2 ' 0%
all M~ spectrum accessible - doldM2,_
2) small angle 6, < 15° 0L
or ey > 1650 ; ;;//‘v

* no Yy required
e larger 0 (21 vs 3 nb)

e Jless FSR 15 rl_|_|—"'I
e acceptance loss e o0

| bl bvvra b b b berraa braa
. M2_min > threshold 0 0 02 03 04 05 08 07 Qiﬂ\/[ [
T

28



Hadronic cross section

do/dM2 (nb/GeV?)

Visible cross section: data—MC comparison

v KLOE 2001 data are enough to measure o(e*e”™ — T*T") with a statistical
uncertainty of ~ 0.15% for small angle sample and ~ 0.3% for large angle sample

v The new ISR NLO generator from Kiihn et al. (PHOKARA, a, 0?) improves the
theoretical description of ISR (0 [0.5%)

_ N,.=45000 | .. N,.=265000 |
rLarge angle ¢$¢ > *rSmall angle ;
[ t O s b by
- - ’
L *+ B E b
:— - MC *t Ni:i/ 30 E_ - MC + $+
- - Data ' ii = >5[ <Data * ’
i $ ‘, Q r 3

. i*%gi % r i "1
- ! ¢ 1

L] . T,

% _ _
C +$ int - 23 pb B 3!
s 2001 data P
||||ﬂﬂ.'.i.-.e|!..|.|-|3|$|$|¢||I||||I||||I||||I||||I||||I|||| a ||||I|..|-|!|$I.|-|||I||||I||||I||||I||||I||||I||||
GeV? GeV?2
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Fit to the pion form factor from Ty at small angle

2 do(mm 20— ,
Fn|” = D [Fal* x?=313/70
dG(TmV: Fn - 1) . (all points)
o xe=161/56
At small angle interference with FSR can » f £ QH>0:4)
be neglected. o | | )
[F_|* extracted from data fitted with: s | 1{ \
+ 20 E
BWP (1 GBM/w) +,BBWP- : / \
F @) = L |
m 1+ ﬁ : l
[J.H.Kuehn and A. Santamaria, Zeit. F. Physik C48 (1990), 445] ol + X
m, I a f are free parameter of the fit, while A P AP AR S
m, I, m, I are fixed to CMD-2 values M2 _(GeV?)

Fit results:
Mp =0.7726 £ 0.0005 GeV

o =(1.48 £0.12) *1073

I,= 0.1437 £0.0007 GeV

p=-0.1473 £ 0.002

L,..=73 pb!

2001 data
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KLOE goals on the measurement of g(had)

To measure O(had) with 0.6 % error
( 0.26 ppm on a (had) ):
1) Comparable but fully independent
measurement from CMD-2 while
covering also low M region

2) Contributions to error:

e stat. negligible

e dL/L <1% using VLAB, 1n progress
comparison with yy and U -

e acceptance calculation (EVA+
Phokara et al.) 0.5%

e TRK+VTX ... already < 1%

e Now =2% or 1 ppm

8000
7000
6000
5000
4000
3000
2000
1000

— GEANFI

adiative Tail well J' wﬁﬁ » Data
escribed by Theory

\ J ]
A

L A‘W
gk Aialt AN IR B *ﬂ.umuuAnnAI...

450 460 470 480 490 500 510 5200 530 540 550

1400

1200

1000
800 [

600 [

200 [

Energy sel. Tracks
: ;
o R
L o
F ,,fﬁ.
e o
**; 1*;;-
*, -
ﬂ%&;ﬁtﬁtﬁﬁ * ok ok M %***R* ‘;"_E'ﬂ; 2
-w---,}-‘:p*_ k. H
: 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
60 70 80 %0 100 110 120
Polar Angle sel. Tracks
0.(degrees)
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Dynamics of the ¢ » 1'% decay

Fit to the Dalitz plot of the decay (@
— TV in progress...

2

54
A=A, +4,+4

The two main terms are
(the WM term 1s not relevant):

o 1
”_;q,f—m,fﬂmkrk(q,f)

3

k k k T[(m;) q;

Fit function ‘A‘z = ‘Z; X; 2

Adir = Cadew Ap




Dynamics of the ¢ » T M%decay

Tested on a sample of 20 pb™' (2000 data)
e Dalitz plot of 1.98 x 10° events after selection

* Bins 0of 8.75 x 8.75 MeV (350 MeV / 40)
 Number of effective bins = 1874

X2 =1947(1874-8)

a;, = 0.093 £0.011 £0.015
¢, = 2.45+£0.09 +£0.11 rad

KFree parameters are:
1. An overall factor C

2.a,and ¢, M(@®) = 775.86 £0.57 £0.67 MeV
0
3. M(p%) AM, . AM,. AM,, = -0.54 £0.34 £0.68 MeV

4.1, AM, = 0.73 £0.39 £0.67 MeV
5.a,, = 1452 +1.2 1.0 MeV
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Analysis of new data x10 statistics, fit all parameters

BR(¢ —» n’y) with m*n~7y final state

Hadronic cross-section o(e*e- —» T*T) 1n the 2 <\@ <pwp range
Dynamics of the ¢ - T n%decay to extract the p* p~ p°parameters

N decays [6 x10°n tag in 2001 data] :

n - yy (test of C 1nvariance) o

n - mmy (photon spectrum) Significant
N - o/ noon® (Dalitz plot slopes) } S B
n - noy (branching ratio) Xp1

Next year perspectives on ‘prompt y’ physics
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Neutral kaon production

E leof @ - K21
Neutral kaons produced 1n a pure &L GOEL S

K, = non®
quantum state (JF¢=1--): S L
1 f‘i'?%"ﬂ-*" TR

‘i> ~ ﬁqKL’pNKS >_p> B ‘KL 7_p>‘KS7p>) /?_ _ i

T V3

Tagging: pure K¢ and K, beams

—> analysis of kaon decays
- Re(g '/ €) with double ratio
—> kaon interferometry
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K tagging

e Clean K tagging by time-of-flight

identification of K, interactions

1n the calorimeter

e K, velocity in the @ rest frame

BEFTI218
* Tagging efficiency €, (o~ 30%

KLOE has now about 6 107 tagged K.
All channels are accessible.
Results from 2000 data (5.4 10° tagged K) on:

(1) R=IN(K{ > ')/ M(Kq 2> n'n’)
(2) BR(K{ = m*e*v)

Phys. Lett. B 538 (2002), 21
Phys. Lett. B 535 (2002), 37

25000
22500
20000
17500
15000
12500
10000

7500

5000

2500

¢ =2 KK, =2 '™ “crash”

a0
* K-
— K—=7n'n rephased

L | L 1

02 0.21 0.22 0.23 0.24

B* distribution of “K; crash”
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[(Kg =2 i (y)) / T(Kg =2 mn?): selection

B
1. KS 9 T[+T[_(y) Wﬁﬂ,?.ﬁ L
 two tracks from LP. —_—

+ acceptance cuts

* no cut on M(TT), no request on'y

— fully inclusive measurement

€my (E,*) from MC folded to

theoretical y spectrum

¥ Indf = 19.62/22
P1 = 0,594 + 0.007

P2 = - 0.0034 + 0.0002 MeV™'

o \"‘“q

N
"
! "W
2 %ﬂ,
;;;;;; | |l L +w t
DE' 2(} Jfl'} f:l[l'r BE' lm IEU' lf:l'D
(Mw)

2. Ky - nn?
neutral prompt cluster : E >20 MeV and (T-R/c) <50,
at least 3 neutral prompt clusters

Y- e*ey included
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[(Kg 2 ' (y)) / T(Kg = n'n?): data quality

K¢ - e K - om0

« | Mgl sunimaner ANL) T bomes QU512
g 3 MC 2000
ﬁ r. L4
. | DATA | pe—
. L0000 i .
S'Hrr]al on| o
I g y |ﬂ-':| L
oo -
mo |- -"--.
u : E ! h‘l 4 A, .. 4 .J-. -
0 s 0 180 D 250 W 1M 400 450 S0
Y J W 'y
& L (McV), 4 prompt clusicrs
) ¥
Iﬂ" y - Date swunes 2000 " Eeies 123883
L i“. bAC 2000
. d A "j
| L AN ]
w’l’i‘ﬁ',ﬁ’w a1 -
T * & E‘i' i . _-l".
| F 130 | 4
-FJ #'__'—-
. | I E -
- A LR g _
O 50 100 150 200 250 300 350 400 450 0 i ) et T, L id e ey e,
o 91 92 0y 04 O3 QF 07 02 99
P MeV
rac coml ' hetamax

Acexg,, =(57.6 £0.1+0.1)% | |Acexe,, =(90.05 % 0.05 +0.17 )%
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[(Kg =2 i (y)) / (K = n°n?): efficiencies

K¢— *t 7~ control data sample

Tracking efficiency: Data/MC ratio

& d:n::"ll'E W

as

0.7 f

Ed:rl:n'lllE W

09 |

as Lo

L1

. L

¥ ndf 5175 [ SH
Al 0.9905

|

0.8 |

06 [

€ vs. transverse momentum

'l N P P T P SN S
75 100 125 180 LYS 200 225 WO A
F; (MeVic)

At EEX-CIIT)
A0 0.9903

og F
07 f

06 F

- g o £ 2

€ vs. polar angle
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[(Kg =2 i (y)) / T(Kg = mr?): results

(t, and trigger efficiencies from K-> n*n~ K, » ata-n0 ¢ - n+tn-n0)

KLOE 2000 data  2.236 % 0.003,, + 0.015_,, (17 pb™))
PDG 2001 2.197 £ 0.026 ( without clear indication of Ey)
. Everhart 76 WIRE Contrib. to systematic error %o
Cowell 74 OSPK K. 19K, - ' tag 0.55
; Hill 73 DBC g S
. Alitti 72 HBC photon counting 0.20
Morse 72 DBC trigger 023
0 Nagy 72 HLBC :
| . Baltay 71 HBC tracking 0.26
—o— Moffett 70 OSPK Overall systematic error | 0.68
—o— Mortin 69 HLBC
KLOE 2000
PDG 2001 World Average NB: efficiencies estgngted using data
| | | | | | | control samples (statistically limited)
19 2 21 22 23 24 25 26 27 Goal = reach 0.1% systematic uncertainty
F(KS —)7t+7t-) /F(KS _)ROKU) [<2-10* on Re(€'/€)] + photon spectrum
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Semileptonic decays: K - mlv

AK® S I =a+b AK’- I)=altb™ (AS =AQ)

AK® - 1) =c+d A(K® - [*)=cCLdZ (AS =- AQ)
(a,c = CPT conserving b,d = CPT violating)

CPT test (AS =AQ)
e A =(I=)(T+T)
— Ag—A; =4Re0d

(no direct measurement)

AS = AQ test (CPT conserved)
(M + T~ )T +T7))=1 +4Re(c/a)

L CPLEAR: (2.982.7)x104| " *Re(C)= BR(K, - Tiev) Tq

« KLOE with 10% pb-!

1

« CPLEAR: (-1.8%£6.1 )x103 (d=0 assumed)
[5=(e5-€,)/2] « KLOE with 70 pb™! (ABR(Kq - Tev) [2P% )
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Ky — Tev: selection

e charged vertex at IP — two tracks (M ; # M)

* both tracks associated to calorimeter clusters

e Time of flight e/T identification (At [2Ins): 0#(m) = ¢, ., — .0.f-
calculated with mass hyphotesis m

* Sign of the charge 1s determined — semileptonic asymmetry accessible

Data 2000

[}

Ofukiim
Ofusiim
a2

2] [ ]

|~

ot(m,)—0t(m,,)
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K¢ — Tev: final selection

P =P =P, ,-P -P,

miss

Kinematic closure of the event:

d #,, track-cluster, and trigger

efficiencies from data:
K, - mev near origin

01, Ko - '

dOverall selection efficiency:
(21.9 £ 0.7)%

Jd Fitto E_. -P .. with MC shape
of signal and background

JdNormalization to K, — 11~ decays

150M)
L

2 5N

JUHH)

| S0
| LAH}
51
il

300

250

200

150

100 [

50

e Data 2000 (before z.0.f. cut)

ll"'".'I ‘h:"‘.—l

E, .-P,.. (MeV)

miss
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BR(K{ — Tev): results

< Fit Signal+Background
MC shape:
627 + 30 events

% Correct for efficiencies,
normalize to Kq - M~

« KLOE: (17 pb™!)
(6.91 £ 034, + 0.15

« CMD-2 (75 events)

) 10- 4

syst

e Using PDG information (¢c=0 hyp.)
BR(K; = mev) (' /I¢) =(6.704 £0.071 ) 104

—(72+1.4) 104

Contributions to total error %
Statistics 4.9
Tracking + vertex efficiency 1.4
Cluster, ¢, , trigger 0.7
TOF selection efficiency 0.9
Tag efficiency 0.7
Total 5.3

15 times
more

data already
on tape

A, with 1% error
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Non leptonic decays: direct CP violation

The experimental quantity most sensitive to €' 1s the double ratio :

2
(K, ->mm) MK - om0
_ " )T (’s ) = | + 6 Re(g'/e)

MK —m) TK, - om0

_ N,
Noo

R

* At fixed target experiments cancellation of systematics between
Kqand K; - mn™ (m¥n?) decays (same detector, same fiducial volume)
* No absolute normalization needed between K¢ (K, ) different decays

Present results E731 (7.4%5.2,,,%2.9,,)10*

unambiguosly NA31 (23.0 £6.5 )10+

establish &' # 0: KTeV  (20.7x1.54,, +2.4,,,)10
NA48 (14.8£2.2 1 pgvse ) 107
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Non leptonic decays: direct CP violation

The experimental quantity most sensitive to €' 1s the double ratio :

2 (K, > F(Kq - om0
= = 1+ 6 Re(€g'/e)
(K, -1 MKq - )

_ N,
Noo

R

« Note: experiments measure double ratio to 0.1% and the single
ratios to 1%

* KLOE aims at measuring each single ratio (K, and K¢) to
0.1% using fagging (no abs. normalization, no background)

* Also observe quantum interference
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Re'le (x107°)

How far from CP?

by

2001 data!
KLOE, scaled from NA48

ORe'e=0.51/VN(K;»n'n")

(20.7+ 2.8)x 10
KTeV
]
(15.3x 2.6)x10
—1

2000 pb~" 5000 pb~ " 20,000 pb_

0 pb_l fS:]Q.ZX][]_4 d=T7.T%10 —4 f3:.3.9><](]
0=18.6X10""
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2001 data sample: K; -yy/K; - n'nn?

* Long distance contribution to the rare K; — P*Y™ decay
e Predictions on K¢ — yy
e Relative uncertainty on BR(K; — m%n°n®) [113%

MM Entri [FTTTH] [ | Bl *TH
oo - 0 fJL‘ S =866 + 112
M) o J: =
K, — momomo | Ff B =880 +85
4000 200 |‘ ]
. :
3000 - "..i 150 | j TL
KLOE: T, =51.6 £ 0.8 ns \ 100 | ! y
L] : F l'.r ,
PDG: T, =517 0.4 ns “ o nfb “..’\
“o 5 10 15 w 25 30 oo 'fn‘ W00 450 500 550 600 650 700
Ty, (ms) M, (MeVic®)

R = (2.84 % 0.037,,, + 0.034,,,)1073
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2001 energy scan: K mass

11 energy points, about 500 nb™!

cross section { Lb )

0.a |

0.

0.3

[0S 1020 [025 [03
W (MeV)

0 - KK, ,Kg - T

M2, =W?/4 - P2,
e W from e"e” invariant mass spectrum
e Absolute calibration from @ - scan
using the g-2 depolarizing resonance
measurement at Novosibirsk
e P, fromK, - m+n—- (0M/M L0105 dP/P)

3 keV @ 50 nb-1

oWk

WP

]
JomWn JihEdh [0 N TN ]

T e imvariant mass | MeWicT)
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2001 energy scan: Ks mass

| Single event Mass Resolution
2 3000 i
o = 0,430 MeVic® H
370 keV P resolution
220 keV energy spread | 497.574 + 0'005stat + 0'020syst MeV
110 keV ISR I |
1000 |' -I Comparison with existing measurements
497.8 CMD-2: Sov. J, Nucl. Phys. 46 (1987), 630
O e 495 00 505 | NA48: PLB B533 (2002), 196
nentral kaon mass (MeW/ic™) 497 .7
Contributions to sys. error keV : + +
P scale 6 497.6- 4
ISR 7 .
M¢ (KLOE) 11 497.5
Mé (CMD-2) 11 |
49741 | |
TOTAL 20 T CMD-2 NA48 KLOE
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2001 data salee: charged kaons

KLOE unique feature is tagging: observe K — m*mor K* - p'v [

6 x 10° tags/pb-!

25000
20000
15000

10000

p 5000

momentum of the daughter particle
in the K rest frame:

UV  peak
T T[Opeak

0.22% form factors, 0.86 % theo); O
e K - 3m: Dalitz plot parameters

stat

e K » mYe*v : improve experimental error on Vus (0.59% BR and T,
(KLOE) [LO125% with 200 pb!
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Dalitz plot on K* - o decays

Sp = Zisi/3 =(mMZ+mz2+ 2mn02)/3 |:|X = (s, - 52)/mn2

5 =(Pc—PF) i=123 Y = (S5 — SO)/I"nn2

F(X,Y;g,h,k) = 1+gY+hY2+kX?

CP ASYMM. (g+' g-) / (g++ g-)
Theory A% ~10°up to 10+
Never Measured

Very preliminar test on fitting the
dalitz plot for K* - m*n’n’

KLOE 6.33 pb-t PDG
g| 0.607+0.026 0.652+0.031
0.026+0.027 0.057+0.018
0.0080+0.0037 | 0.0197+0.0054
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Measurement of K; regeneration cross section

The incoherent regeneration cross
section of K; on Be and C 1s under
measurement:

Carbon-fibers -
DC walls S —

Be beam-pipe -

* K, tag via K¢ decay into Tt

e Secondary vtx in a cone around
estimated K, direction

* M, close to My,

* AP = |Py | — [Py |cut

- Select CP + regeneration events
- look at angular distributions

140

120

100

a0

BD

40

20

p(cm)

L I8 11130
- Entries 4807

To separate the internal Be regenerator
require secondary vertex to be with
polar angles [60°,120°]
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Conclusions and perspectives

v DAFNE performance has improved considerably in

the three years of data taking delivered luminosity is
now ~3 pb~!/day @ KLOE.

Major interventions are scheduled for the next long winter
shutdown:

1) FINUDA roll-in

2) Installation of a new interaction region in KLOE, with
the goal of peak luminosity of 5x1032cm™ s™! CP/CPT
starting from 2003/2004
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Conclusions and perspectives

v" KLOE detector is fully operational and reconstruction details well
understood

- From 2000 data (25 pb!) results on K¢ decay and @ radiative decay
improving previous “PDG” knowledge

—> Analysis of 2001 data (190 pb!) in progress. New results on:
rare K¢ and K, decays and K* decays
N decays (6x10°n produced)

hadronic cross-section O(ee” - ') 2m, <W <m,,

—> 2002 data taking is going on smoothly: 500 pb-! expected by the end
of the year
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