The many strange things of strange mesons

Highlights of the KLOE experiment at DA®NE

Strange mesons: a guided tour in the land of symmetries
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a bien regarder ...

... elle n’est pas symmetrique
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Strangeness: a new flavour of matter

60 years ago: some strange things happen

the discovery of a new flavour of matter
not present in nuclei

Murray Gell-Mann and Kazuhito Nishijima
from isospin to flavour symmetry

from Pauli SU(2) to Gell-Mann SU(3)
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strange mesons and P-symmetry

0 - 0 + -
50 years ago: many new particles VY —=pr Vo, —=rn'nm

+ + ~0 + + ot -
the ©-0 puzzle 0" = ' n T > T

same mass, same lifetime, but they decay to different P eigenstates

1956 - Tsung Dao Lee and Chen Ning Yang show the way out: Parity is not a
good symmetry in weak decays, make three experiments and convince yourself

The situation that the physicist found huimself in at that time has been
\@0\0 likened to a man in a dark room groping for an cutlet. He 1s aware of the

‘Oe\ fact that in some direction there must be a deor which would lead him out
A of his predicament. But in which direction?

That direction turmed out to lie in the faultiness of the law of parity con-
servation for the weak interactions. But to uproot an accepted cancept one
must first demonstrate why the previous evidence in its favor were insuffi-
cient. Dr. Lee and I'examined this question in detail, and in May 1956 we
came to the following conclusions: (A) Past experiments on the weak mter-
actions had actually no bearing on the question of parity conservation. (B)

S
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strange mesons and CP eigenstates

but two neutral mesons are observed with very different lifetimes,
they decay to different CP eigenstates

1955 - Murray Gell-Mann and Abraham Pais: if CP is a good symmetry,
then short- and long-lived neutral K mesons are combinations of strangeness

i B

. K'4+ET K- e ]
= 9 = = : A<
" J Y — ‘:4_6_0_ i

1955 - Abraham Pais and Oreste Piccioni show how ]
to prove it: observe regeneration of Kg in a K| beam
and strangeness oscillations

it S S ‘J
ettt GG IES

— -

: :4— SEAM OF HIGH ENERGY PIONS
3
¥
1960 - the first measurements of |m(K) - m(Kg)| i 1 S e bt e Wil g

in a multiplate cloud chamber. The symbol — < indicates the
decay: G —x"+r",

PHYSICAL REVIEW VOLUME 134, NUMBER 4 NOVEMHBER 15, 1961

Regeneration of Neutral KX Mesons and Their Mass Difference®

R. H. Goop,t R, P. Marsex$ F. Moreer § O. Procost,|| W. M. Powsrr,
H. S. Wurre, W. B. Fowrez,** axp R, W. Biroxtt

Lowvewce Radiation Lobovatory, University of California, Berkeley, California
} ' Am ~ 1/2 kit
S
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strange mesons and flavour symmetry

40 years ago - Nicola Cabibbo: the angle of
strangeness and the universality of Fermi coupling

two lepton families but one quark family

Ve Vu u %
e U d cosé + s sinf GJ\Q

u—v,ev, [—_> Fermiconstant S
axial current vector current
K—=uv, G2 sin?60 K—nlev, G2 sin?6
n—=uv,  G2cos?0 mw— nle v, G2 cos?0
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strange mesons and quarkonium

1962 - the discovery of the ¢ meson T SR
the JP = 1- qq nonet K*0 K*+ |
p( PRd P P il
K*- K0 ) VR S -
the SU(3) flavour-neutral eigenstates FIG. 4. Tho effective .  dstribation fo KK
wit — dd it + dd — 283 . uwi+dd+ ss
Ib,,:'(l = —/.3— |l‘§}'9 = .E- |.l':' = .3 e
Ve V6 Vi3 K*K 49.2 %
but fortunately |8), and |1) mix to make the ¢ an almost 2 K Ks 34.0%
- —>
pure ss state: it mainly decays to strange mesons wtnn® 15.3 %
ny 1.30 %
(&
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strange mesons and CP-symmetry

40 years ago: but also K| — w*r ! . e
and also CP-symmetry is violated TR

then Kq # K, and K| # K,

(1+e)K°+ (1 —€)K° . [LaRY— (1 --e) K
[\L=

1\—S= — . T~/
201+ [eP?) Y201+ [¢e[?)

strange mesons and matter-antimatter symmetry

... and should observe K, - me*v # K —n*ev

Ky — 7 etv)—T(K — 7te ) 2Re
DKy — 7m—etv) + (K — mte-i7) 1+ |e

|° ~ 2Re

you can tell a friend from another world what is your definition of
positive/negative electric charge
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strange mesons and more flavours

but Am is too small to be accounted for with only three flavours

(K° + K| Hyw|K° + KO b (K® — KO Hyw|K° + K°)

Am = = S = 2(ds|Hw |sd)
g cos@ gsin® g cos@® gsin®
AN\
d S d S
K _ « _ B+
g d B d
gsin® g cosO gsin® g cos0

Sheldon Glashow, John lliopoulos and Luciano Maiani:
a fourth flavour to prevent flavour changing neutral current

u @ C
d cosfO + s sinf - d sinf + c cosO

give the correct value for Am if m_ ~ 1.5 GeV
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strange mesons and quark mixing

but CP violation cannot be accounted for with only four flavours

1973 - Makoto Kobayashi and Toshihide Maskawa: if £P then need a complex matrix,
extend Cabibbo mixing to three quark families

Vig Vs Vo 1-A\2/2 A AN3(p-in)
Vekm = Voo Ves Voo | = -\ 1-12/2 AN + O(\f) &3
Ve Vi Ve ANI(1-p-in) -ARZ 1 NN
\No\'ie(\
if no other families, then Vyy is a unitary matrix: 3 ; V*; Vyy = 9y
9 constraints, e.g. the first row: |V 4|? + [V |> + [V |? = 1
1988 - Cecilia Jarlskog: six unitarity triangles, all of them have the same area
J=Im( V5V, VeV, ) = A2\, \J measures the size of -2 effects
the strange triangle: V* V 4+ V* , V. *+ V* V=0
A —»
- ] A%y
< A >
=—=ROMA
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DA®NE and KLOE

~ 1990: many proposals around the world to build a ¢ factory ...
Double Annular rlng For N|ce Experlments

Daphnis and Chloe ]
by Marc Chagall * _~

The ¢ resonance
by KLOE -}
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the Frascati ¢ factory

* e*e collider s =M, =1019.4 MeV

e 2 interaction regions (KLOE — DEAR/FINUDA)
| » separate e*, e” rings to minimize beam-beam
LINAC interactions

#1550 Mever ©® cCrossing angle: 12.5 mrad — p;~ 13 MeV/c
800 MeV e-

L

=

” ACCUMULATOR
“. 510 MeV

¥

2
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KLOE data taking

DA®NE 24h performance in topping-up mode, december 05

| KLOE Presenter (History, 02-12-2005 : 02-12-2005)

Lumi (10%)

llll"lllllilllilll{]}?ﬂl}!llllll

Current(mA)

L=1.2103%2
cm2 st

e 16A

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

e*1.1A

Int. Luminosity (nb-1)
&
S

Time (hh:mm-day)
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the KLOE experiment

K LOng Experiment Large decay volume A, =3.5m Iracking
P " Vertexing
_ aximum trasparency i
. R Calorimetry
YOKE o .
: \\WC C}\\\W Unbiased trigger Time of flight

Spherical beam pipe, 10 cm &, 0.5 mm thick, in Be-Al
alloy, to minimize regeneration, scattering, y conversion

Permanent-magnet low-f quadrupoles instrumented,
to increase the hermeticity for y detection

Tracking: large volume drift chamber, 4 m &, L=3.4 m,

N with carbon-fiber frame, filled with low-density gas
5 (90%He + 10%i-C,H,, ), 12582 all-stereo squared cells
/ § (wires: tungsten 25 um & + aluminum 50 um &)
%{////4&\\\\“{//////&\\\\ || Calorimeter: 0.5 mm lead - 1 mm @ scintillating fibers,

15 X, thick, finely segmented in 2 x 2440 cells
6m Superconducting coil, B=0.52 T
=—=ROMA
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the KLOE detectors

@fm Do

0,/p =0.4% for tracks 6 > 45° e > 95% for E, > 20 MeV

0, =0.150mm, o,=2mm o/ E = 0.057/VE (GeV)

O yortey ~ 3 MM o, = 54 ps/vE (GeV) ® 50 ps

om_.) ~1MeV Oghower = 1.3 cm / VE (GeV)
Oenex(t?) ~ 1.5 cm (K, — w7
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tracking in the drift chamber

drift chamber resolution o, = 150 um Ky — e
OM = 1 MCV Al Sé:—nn‘?f 66&:510(!;%32
Bhabha scattering events & s F g = o
S [ f l] c visi 254.5
? 5000 — l l‘ o —
o,/ p=0.3% : |
10 . track mementum resolution ele p p 4000 :._ Q
45° <9 <135° : o
aF 2000 - /
0 E- B S [ S NP IR
B -15 -10 -5 O 5 10 15
MeV
i +qpr—ar(
- K|, — wtnn
& -
o E M(@®) = 135.3 £ 0.1 MeV =%
~ | mr® 135.3
r £ 0 J " 5127
F : MM o
F —— W ” Bkg 6.747
3 :_ - 150 a m
: M !“J
2 F ﬂ ﬂ
B & = 100 HA k
: i
P EE P S BN R P SR 50 {LH} ‘Hﬂ
®o 20 40 60 80 16C 120 140 160 180 WF W
resouion pOlar angle (degrees) W*&WW ! WWWMM%
;ROMA Missing Mass (MeV)
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measuring photons

Energy resolution

Time resolution

= 500
T [
. O asof
¢ — wtrn’ E, from tracking \\
! e il O ¢ m. Yy
= 0.1 - . . o ) | O ¢—)IW’ ’yxad
& 008 | non-linearity ~1% “ > 9N =
X 006 | il ° =N Yo
m'..: gg; : N A c'e —metey
3] E 250} [
= 0F AT — ] & 4
T.002 o i g A
004 E 200 X !%’f‘r;;.% I ¢ L i 8 |
006 - S Rs ¢ SWEAES &I
0.08 |- 150} ' ? ¢ ” iy
0.1 b 1 PR [N T T T T T I T T T N T ST A N B |
50 100 150 200 250 300 350 |
. 05 - Epc (MeV) Al
g et o(FE) 5.7%
8 0.35 & = —— % 100 150 200 2% 300 350 200 350 500
L?d 03 F E E(GGV) E_ (MeV)
0.25 )
% 02 o(t) = 54 ps/V(E/GeV) @ 120 ps @® 40 ps
0.1 -
005 é_ | | | | | | |
0= I50I B I100I B I150' - 21)0 B 250 B 300 B I350 bunch structure
Epc (MeV) miscalibration term
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measuring photons

the photon decay triangle

[7=d’+ 1,”— 2d1, cosO

ct,=1,/B + 1,

neutral vertex space resolution

»5 [

‘f“' [ @/ndf 3739 7/ 14
— 5% P1 189 + 1868 E-01
K e J'E-l-n J'EO f‘_‘] £ P2 5057E-02 + 4409 E-03
L a4 | P3 A309E-04 £ .2292,54@2
O ( l - l ) 3.5 F
JUIT Y F
3 F
25 [
e B/ndf 3717 /7 14
2 o P1 1657 + 1973E-01
r P2 5170E-02 £+ 4716 E-03
15 F P3 AS90E-04 £ 2455E-05
1 b 0( 1 Y)
0.5 |
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the trigger

as unbiased as possible

bunch crossing period is 2.7 ns << particle propagation
large time spread: L/c of prompt photon =7 ns, L/gc of K= 30 ns

Level-1 initiates the read-out of the calorimeter

energy deposits in the calorimeter
OR multiplicity and topology of drift cells hit in a narrow time window

AND Level-2 confirmation after 2 us: stop to the drift chamber
Bhabha scattering events

cosmic ray rate = 3 kHz: cosmic ray “soft” VETO : e
from the outermost layer of the calorimeter 100 | ol sl | amire
downscaled for checks :
80
t, of the event found off-line from the event topology {
60

typical data acquistion rate = 2.5 kHz _
e 1/2 machine background 0
e 1/4 cosmic rays ’ *
* 1/4 e*e collisions

off-line filter for rejection of background and cosmics e -_2-"333&”2 S
t-L/c (ns)
EAETRE Filippo Ceradini - Paris, 21 Septembre 2006 19

UNIVERSITA DEGLI STUDI




measuring the DA®NE parameters

° —s o i 7500
Kg — mt*n~ opening angle e
2500
0

monitoring on-line B*. after correction for pion velocities
e Bhabha scattering events 35°gg F Y,
225 = s K—-TT
* e'e” =y events 20000 — — Ko7' rephased
« B* of K_interactions om0
2500 F
* ¢ =K Kgdecays . 3

I L L { bl { n h ¢ 1 - ¢ e

02 0.21 0.22 0.23 024

e*e” c.m. energy: og = 10 keV

beam-beam energy spread: 6E = 0.3 MeV
e*e” transverse momentum: op; = 0.1 MeV/c
beam-beam luminous point: o, , 0,, = 0.1 mm
luminosity: L /L =2% = 0.6% off-line

[Ldt = 2.4 fb-? of data on disk, = 1/5 analysed so far
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¢ — K K decays

the ¢ decay at rest provides monochromatic and pure kaon beams
KK «— ¢ —> KK

pure JFC = 1-- state %(IK. —p )|K,+p ) — |K,+p }|K.—p )

Tagging: observation of K, signals the presence of K, ;; K* signals K-
= clean, normalized K* K- K and Kq beams

= measurement of absolute branching ratios: BR = N,/ ¢, Ny,

K* K K, Kg

B *=0.245 p*=0.216

p* =127 MeV/c p*=110 MeV/c
A,=95cm As=6mm; A, =3.4m

==ROMA
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tagging of K, or Kg beam g .

3071 |4
K, tagged by Kg — m*n- K tagged by K, interaction
8,
,4"_,_‘:—__ _—jj*x "":‘i_ _j.:*¥
,4'4__ __x; ,A'éi__ ll __ix;
ol HMe e ' M
/ The IH q -
l A TEN I

I
(=
I
=

\M /5 | 27 : q; { o _7
/ \ - ] || 1
A | // { H v | | i | 7
“r' / N HY \':— ] iy
k__— // —_T & {_ L [ —_—77
S |
¢ i
e ~70% geometry & vertex ¢ ~30% geometry & energy cut
K, angular resolution ~ 1° K, angular resolution ~ 1°
K, momentum resolution ~ 1 MeV Ks momentum resolution ~ 1 MeV
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the first CP-violating event

during the commissioning of DA®NE, photo of the month in 1999

| "' ‘
e

l/
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tagging K, decays

K- tag

» two tracks with opposite curvature using only the tracking information

e that form a vertex

* in a small cylinder around the crossing point
*p,+p,=110 MeV/c

* M,, = My assigning the & mass to the tracks

200

150

Missing Momentum / 2.5 MeV

KL
* two tracks with opposite curvature
e that form a vertex

* in a decay fiducial volume so0 |
» along the direction opposite to p,,

100

%.05 —00s4 —003 —00z —o001 0 0.01 0.0Z 0.03
{Missing Mass)* / 0.0005 GeV*

assigning to both tracks the m® mass:

- 102

10

the missing momentum x missing mass plot

clearly separates the main decays then m—.~¢ identification done by

time-of-flight, shower shape and dE/dx
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5000

- data sample: 328 pb!

e Data

- A K,

i ’/ 7 / 7 7 7 7 7 Z
Z Z
5 .

0

0
VE:

miss

PNNNNY

L
2 14 16 18 20

of

('71‘7[)+ priiss (MCV)

* select all K| decays
2 2
* best discriminating variable for K| — n*n~ \/Emiss () + P

« fit the distribution to Monte Carlo shapes
» normalize to the decay K| — stuv

to reduce systematics due to tag bias
BR(K, — ) = (1.963 + 0.012 + 0.017) x 103

using the KLOE results for BR(Kg — n*n~) and t;
and the world average for g and Re(e7¢)

IM, | =(2.219 = 0.013) x 103
| e | =(2.284 = 0.014) x 103

In this 2006 edition of the Rewiew of Particle Physics, the
values of |¢|, |n4—|, and |poo| decrease significantly as a result
of the high precision measurements of KE branching ratios
from KTeV. KLOE, and NA48. These measurements reduce
the branching ratio F(Kg — 7t77)/T(total) by 5.5 percent, a

4.60 decrease relative to the 2004 edition |[21].
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¢ — Ks K, time evolution

an example of quantum interference £ ‘§ o
A

Fi _[|I\gp Kilep)) = [Kalp), Ks(=p))] t;, &
V2

time evolution of the system

) = ,—[ fit | Ks(p) ) foto| Ki(—p)) — (fit1| KL(p)) ( fat2| Ks(—p))]

_ _) ( fl'I\S“ f"II\S' —imgty —I'sty [2—impta—Tpta/2 leI\S" fl|I\S

V &

—imgto—Igts/2—impt1 -1ty 2)

_ lj“fll]\s;ﬁ(:,fZ|AS} ('7]'7 ()—(1"5(1+Fbt3).,-"2 (,—z'(mst1+mLt2) —me —(Pgto+1'pt1)/2 —z(nutz+mLtl))
5) -
\" -

number of decays to the state f, at t, and f, at t,

oo filKs){f
N{fit1, fata) = {1l \)

as a function of the relative delay |Af|

fa|Ks)

2 o \¢ \ g6
(|,’2|Q€—(Fsh+rﬂz) X |7]1|2€,—(r5?2+FLt1,) _ 2|771||7)'2|€_('FS+FL Mtatty)/2 COS[ANI(I‘Q —t1) + o — C)]])

g 2 (il Ks)( fo| Ks))? )
N(fi1, fo. At) = /Argo N(fity, foto)d[ty + to] = I ILL(F?%)Il‘L)q>| (|I}2| “TsBt o | |2e TEA — |y ||mo|e~(TstTLIAL/2 “cos|[AmAt + @2 — ()1])
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¢ — Ks K, = atn ntm

different interference patterns for different decay modes
_ [{mta | Ks) 4|
o 2

~

f1 = f2 = | N(ty.19) (6_(r5t‘+m("" + e~ (Tstatlety) _ 9p=(PsHe)(tat1)/2 oog Apn(ty — tl))

(w7 | Ks) |-
2(I's+1TL)

N(At) = (G—rs;\z g €-I‘LA1 A 26,-(FS+PL,)At.."‘2 cosAmAt)

no decays with At=0"! a kaon can influence the other’s fate without delay

an example of the Einstein-Podolsky-Rosen paradox
K lifetime

<o N(AY) t, =(0.9030 + 0.0056) 10"°s | data
0z |- PDG: (0.8935 = 0.0008) 10-10s 103’_ MonteCarlo
il ~ peak height and position » m
; sensitive to Am o LY
t i L![N ﬂ-{mﬂ#}ﬁ
_ distructive quantum interference: Jiif" ’i1r|'|.’|*1. |
004 |- ” no simultaneous decays ok W.»W
t in the same final state ldecay/Ts H ‘
r At/TS . ) -4 -2 0 2 4 6 8 10
o Lo Vi time resolution should be = 74 —» 0= (1.15 £ 0.02) x T
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quantum coherence & CPT symmetry

500

data: 380 pb-1, 7366 events

K, — Kg coherent regeneration on the beam pipe —,_

e*e” — m*a~wtn~ non-resonant background 350 it

fitting the At / T4 distribution with models
e CPT-violating parameter w
e quantum decoherence parameter C

450 +

100 |

S A -0 T, (770 0N -0 TFG 4 (TE0 o0 ot

(= \/5([”“ K0 — KK ] +@[|A K0 + K, K ]) 50 [
R S R R
|| <2.1103at 95% CL Wi
| Am = (5.34 = 0.34) 10° s-1
N(At) ox e TsAt 4 o~ TiAt —20_(F5+F":'At""2 cos AmAt
if Am fixed at the PDG value

Co0< 0.5 10" at 95% CL (5.290 + 0.016) 109 5!
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dominant K, decays

measurement of the absolute branching ratios
N 1
BR(Kp — f)= —f N d T gl

reconstruction efficiency ‘

K, — nev, tuv € = 55% v tag bias,
K, — wra! e =40% integral over the fiducial volume ask for Kg — -

K, — an'x’ e = 99% g(t.) = 26% to trigger the event

328 pb': 13 10° K, tagged by Kg — - a%n0n0

e 1/4 for the measurement * energy-clusters vertex reconstructed by TOF
» 3/4 to evaluate efficiencies e £..=99%, background < 1%

mev, muv, wrr

» two-tracks vertex in the fiducial volume

e P.I1.D. using shower shape and decay kinematics

 best discriminating variable: lesser of p,;..-E ;s IN 7-w or u-m hypothesis
e fit the MonteCarlo distribution including radiative processes
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-0

¥

K, decays ol

3500

events / 0.5 MeV the efficiency depends on the lifetime
3000 | and the error on the BR is dominated
- Tev by the error on t;
2500 o
- JTuv
2000 | . 06l EFV
L = atn N 0sf
1500 |
04FL
i LA
1000 03}
[ ’ ? 02}
500 |- i\ %
| I .‘ ) 0.1F
N = o ////////,, . .)Lde.cay (Cm)
-150 -100 -50 0 50 100 150 0 50 100 150 200 250 300 350 400

A, = lesserof p, . -E

miss

in t-u or u-t hypothesis
sum of all BR’s

constraint ) ; Br;=1
re-evaluate BR’s
evaluate the K, lifetime

BR(mtev + tuv + wtmrm? + a¥n0n0
u KLOE

+ BR(t*n + 7%t°)ppgos = 1.0104 + 0.0076
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K, branching ratios

absolute branching ratios fully inclusive for radiation
BR( K, — mev(y) ) =0.4007 + 0.0006 + 0.0014

BR( K, = muv(y) ) =0.2698 + 0.0006 + 0.0014 lifetime from normalization
BR( K, — n*mn’(y) ) = 0.1263 + 0.0005 + 0.0011
(

=50.72 +0.17 £ 0.33
BR( K, — n0r) = 0.1997 + 0.0005  0.0019 L e

0.410 ‘ ‘ ‘ ‘ ¢ PDGO04 o.275
0.405 i A NA48 0.273 |
v KTeV .
o400| @ ® KLOE 4.1 r
8-998 1 0.269 | I %
0.390 [ J'UeV + 0 267 JTMV
0.385 ‘ ‘ ‘ ‘ 0.265
0.215' ‘ ‘ 0.130
o 1o 0TV ¢l o
0.205 | ] 0.126 | . % 5
0.200 % : 0.124 L ]
0.105 | - % | ez e 0 much has changed
160 - ae | in the last years
==ROMA
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K, lifetime

. . . 2000
direct measurement of the K, lifetime «102 | events/0.3 ns

1750 [

e use the decay K, — =%’ tagged by Kg — st~

e large acceptance = 0.4 A 1500

« very high efficiency, = constant along decay path 1250 |

s use K, =t to evaluate resolution and time scale 1000 |

) 1 7 000 750 6-24.8ns
data: 400 pb™, 10" K, — nn"n” events | 40 -165 cm
250 ~0.4 A
t, =50.92 + 0.17 + 0.25 ns ; :
250
: v v
the two measurements are independent, 005101520 25 30 35
can make the average (considering correlations) Lipyc (ns)
t, =50.84 +0.23 ns K9 MEAN LIFE
VALUE [10'8 3) EVTS DOCUMENT 1D TECN
only an old precise measurement 5.114+0.021 OUR FIT
20, . — 5.099+0.021 OUR AVERAGE
Vosburg'72: 7, =51.54£0.44 ns 5.0724£0.01140.035 13 13 AMBROSINO 06 KLOE
5.002+0.017+0.025  15M AMBROSINO 05¢c KLOE
5.154:0.044 0.4M VOSBURGH 72 CNTR
==ROMA
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dominant Ks decays

measurement of the absolute branching ratios
K, - tag
» = 50% of K, interact in the calorimeter

e energy cluster with E > 200 MeV
e 3*=0.216
e angular resolution = 1°

Ks— - Ks— non
e two tracks with opposite curvature e at least three “prompt” clusters
« that form a vertex close to the interaction region ¢ |t-r/c|<5gc;
* 120 < p <300 MeV/c, 30° < 6 < 150° e E>20 MeV, 25° < 0 < 155°
 acceptance x efficiency = 0.59  acceptance x efficiency = 0.85

data: 410 pb™!, measure the ratio Kg — wttn(y) / Kg — ni%® = 2.2549 + 0.0054
including semileptonic decays, Kg — mev, muv, and normalizing »; Br,=1

BR( Ks — mm(y) ) = ( 69.196 + 0.051 )%
BR( K — n%1) = ( 30.678 + 0.051 )%
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Ks semileptonic decays

Ks— mev events/ MeV - -
« two tracks with opposite curvature 700} o« data
« that form a vertex close to the interaction region fit
* M_. <490 MeV assigning the & mass 600 -
« -t identification by time-of-flight 500 — TV
« fit the distribution of Es(€) - Ppmiss a00f ~ oM
data: 410 pb, 300 |

normalization to Kg — m*n~(y) in the same data set L~ Tlhad™

200 |

BR(Kg— ne*v)=(3.528 £ 0.062 ) 10 [

BR( Ks — m*ev ) = ( 3.517 + 0.058 ) 10 100¢ |
BR(Ks—= mev )= (7.046 £ 0.091 ) 104 0 450 100 =0 0
charge asymmetry AE . = Elics - Pmiss (MeV)

N(Ks = merv) - N(Ks = 7'e'v) — 1.5+ 9.6 +2.9) 103

S=

— etv) + — te-
N(Ks = ne*v) + N(Ks = n"ev) A, =(3322+0.058 = 0.047) 10° KTeV

« Ag = A, if CPT-symmetry and AS = AQ hold A, =(3.317%0.070 £ 0.072) 10° NA4S8

* Ag # A, signals CPT-violation in mixing and/or AS # AQ in the decay
=—=ROMA
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Ks — mtuv first measurement

Ks— mtpv

e two tracks with opposite curvature
e that form a vertex close to the interaction region

e u-rt identification by time-of-flight

* fit the distribution of E

450 |

400

350

300
250
200
150

100 |

UNIVERSITA DEGLI STUDI

miss(nu) = Prmiss

50 |

Entries 4686

- events / MeV

- K¢ — ptnov + amy +

Emiss = Pmiss (MeV)

Filippo Ceradini - Paris, 21 Septembre 2006

400

350

300 |
250 |
200 |
150

100 |

work in progress, should reach = 3%
statistical error with 410 pb’

50 |

Entries 4654

Kg — w v + sy + oo

e _20 N i 0 " L
Emiss = Pmiss (MeV)
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search for K — ntn%r®

K — ni%7® pure CP-violating decay
- (( 770 | Ks)
definin =

d Mooo < J_EOJ_EOJ_EO | KL >
= small branching ratio: BR(Kg— 3% ) = |1yg0|° BR(K, = 3a° )15/t = 1.9 10°
best limit from NA48: BR(Kg— 3n° )< 7.4 107 at90% CL

=e+elgy With [eg| <<|e]

Ks— n%1t%x?
e six neutral “prompt” clusters

* no tracks from interaction region

 kinematic fit: K-mass & energy-momentum conservation
« efficiency = 24%

 normalize to Kg — =% in the same data sample o
|| TR o o0m
450 pb: find 2 events in the signal box i

with 3.13+0.82+0.37 expected background events 2

-0.04|

BR(Kg — n%n%) < 1.2 10" at 90% CL _0_06; |

Mool < 0.018 at 90% CL 0.06 -0.04 0.02 0 002 0.04 0.06

Re(Mgg0)

==ROMA
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kaon decays and CPT test

quantum field theory and Lorentz invariance and locality imply CPT-symmetry
i.e. mass and decay width of particle and antiparticle coincide, but ...

there can be violations O(E/M;) from quantum gravity, My = 107° GeV
neutral kaons are the most sensitive probes to search for CPT-violating effects

78

, B _ 4
s d (K , o i K if CPT then My =My, I'yy =Ty, é\‘l,?

it g )=\ M-z )| £ best test is |Myo - M| / My < few x 10-18
- (1+e5)K°+ (1 —e5)K® - (1+e)K®— (1 —¢)KO gg=c+d & _er
§= — = = ; 5
V2(1+ |es]?) V2(1 + ler]?) gL=e-0 g _ cef
(l";\; — FF>/2 + 1(*\[[\ — *\[K)

cos psw €PW| Al'=Tg-T, Am=Mg-M
tan pgy = 2 Am / AT' superweak phase

0=
AT

unitarity “Bell-Steinberger” relation
Re(e) — 2 Im(0
1+ |e|?

(T + T +3 2Am) )= S AP ALF)
f

> rextended to all K and K; decay amplitudes = Re(e) and Im(9)
if Im(6) # 0 then CPT or unitarity is violated (or both)

==ROMA
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CPT tests a la CPLEAR

semileptonic decay amplitudes
AK? s 7 €tv)=a+b AKO — 70 D) =a* — b
AK? - nte D) =c+d AK® — 7 (ty) = ¢ — d*

CPLEAR analysis*: measurable quantities from asymmetries of decay rates

y=-b/a _EPT & AS=AQ Ri.(t)=R []\'0 — (rr—/,"+z/)t] R_(t)=R [F — (7r+[_17)t]
X,=c*/a CPT & AS=AQ
x=-d*/a —EPT & AS=AQ R_(t)=R[K’— ("¢ D) TR.t)=R [F 5 (W—M)t]

with input from hadronic decays and with the constraint of unitarity
Re(¢) = (1.65+£0.41) 103 Re(s) = (1.649 £ 0.025) 103
Re(d) = (3.0 £ 3.3) 10 Im(d) = (2.4 + 5.0) 105

Im(8) = (-1.5+£2.3) 10

Re(x.) = (0.2 + 1.3) 102 limits on [My; - My, [’y - T | #

Im(x,) = (1.2 £ 2.2) 102
Re(y) = (0.3 + 3.0) 10

* Physics Reports 374 (2003) A see later

=ROMA
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CPT tests a la KLOE

quantum interference of correlated decays

¢ = KsK —=nmatn Am [ Ig; I}
¢ = KsK, —atnma7®  Re(e'le) ; Im(e'le)
¢ = Ks K, — nmalv Re(d) + Re(x) ; Im(d) + Im(x,)
¢ — Ks K, — alvalv A, =2[ Re(e) - Re(d) - Re(y) - Re(x) ]

analyse more data, reach higher discriminating e-u-n power,

for the time being ... exploit
e new precise measurements of branching ratios
* new information on the charge asymmetry Ag

I'(Kg — mev) - ['(K, — mev)
I['(Kg — mev) + I'(K, — mev)
As+A =4[ (Re(e) - Re(y)]
Ag-A, =4[ (Re(d) + Re(x) ]

= 2 Re(x,)

Re(x,) = (-0.5+ 3.6 ) 1073
\ \ [ Re(c) - Re(y) = (1.2 £2.5) 10°
Re(d) + Re(x) = (-0.5 2.5 ) 1073

Re(y) = (0.4 +2.5) 1073
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CPT test: KLOE fit

=

Tg PDG

T, KLOE
Ks— mtn/Kg — nion KLOE
BR(K, = ) KTeV+KLOE
BR(K, — n%) KTeV
BR(K, — mev) KLOE
BR(K, = i n?) KLOE
BR(K, = n1%%°) KLOE
BR(Kg — nt%n0x0) KLOE
BR(Kg — mev) KLOE

A KTeV+NA48
Aq KLOE
Moo CPLEAR
Q- PDG
Poo PDG
Psw PDG
Im(x,) CPLEAR+NA48+KLOE

Re(e) = (1.61 £0.01) 103
Im(8) = (1.3 £2.0) 105
improves the CPLEAR fit

Im(d) ® Re(e)

x 107 Imd

| 95% CL

%)
£

x 10~

Imd
95% CL

I 68% CL 1 I 63% CL.
0 @
0
-1
NEW FIT Ree 1 CPLEAR s
0.15 0.16 U.‘17 . 0.15 0.‘1() ().Il7 5
x 10~ x 107
15
Al
(10°18GeV)
10
5
—p> 01018 GeV °
-5 /
NEWFIT  aum CPLEAR
(1018GeV)

10 5 0 5

Filippo Ceradini - Paris, 21 Septembre 2006
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tagging K* K

identification of K* K- events by the decay K* — utv , K* — wtn0 e+ 050 TR
* two tracks of the same curvature

 that form a secondary vertex “kink” in the fiducial volume

» two-body decay kinematics in the K frame: peak in the p* distribution
 tagging efficiency = 36%

UV
ev

x 103 Ev/0.5MeV

| data
300 C— it

200

100

180 200 220 240 .,
P, (MeV)
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the K= lifetime

review of measurements: not so clear s

Valuee above of weightad ave
and aca'a factor ara bazad upt
thiz ideogram only. They are
sarily the sama as our best’ v
obtainad from a least-squares
utilizing maazuremants of othe
quantities as additional inform:

= tag events with K — uv decay

= [dentify a kaon decay vertex in the fiducial volume
= use two different methods to measure T,

to cross-check systematic errors Tope = (12.385 £ 0.025) ns

18t method: t, from the K decay length A
« use all two-body decays PR | e L
« measure the kaon decay length ﬁ/ —'_!m o
* proper time tK = L/ﬁ)/C 121 122 1.lm 1.124 1.|25 1.I26 1.|27

« fit of the £, distribution i

t,=(12.367 +0.034 = 0.065)ns {1 ﬁ*:

2" method: T, from the K decay time B 16-30ns

use only K* — X*r¥ decays ool

 use the tag to estimate the ¢ — K*K~ time, {,, [

and the clusters time, t,

« decaytime tx =(t,-R, /c-1,) v« L

« fit of the t, distribution 2000 |-

work in progress _ { L} t, (ns)
==ROMA e N M e e
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K — uv(y) decay

measurement of the absolute branching ratio

- MC includes
1%t radiative '

* tag = K" — wwv, signal = K" — u'v - process
to minimize effect of nuclear interactions -

175 pb-1, 1/3 for signal selection, 2/3 for efficiency
subtraction of n*xn® identified background

count events in 225-400 MeV window of the I
p* distribution (in the @ mass hypothesis) 103}

efficiency = 32%

°
Number of entries / MeV

LK, region

result fully inclusive of radiation (accounted for 102}
in the Monte Carlo) :

1 I 1 1 1 I 1 1 1 | 1 1 1 [l 4 1
160 180 200 220 240 2RO 280 200

BR( K* — u*v(y) ) = 0.6366 = 0.0009 = 0.0015

p" (MeV)
Mt )Mol
VALUE (units 1072} EVTS DOCUMENT ID reen cie T(K* — ptu(y)) g (1 — 'mi/ m3 )2
63.44+0.14 OUR FIT Error includes scale factor of 1.2, VAT EE 5 [ 27 2\2 [1
63.6040.16 OUR AVERAGE [(r* — ptr(y)) 2 Jmg(l — m2/m2)
636640004015 865k 9 AMBROSINO 06a KLOE + :
63.24::0.44 62k  CHIANG 72 OSPK + imput from theory
gFuliy inclusive. Ussd tagged kaons from @ decays. —

IV,.| = 0.2223 + 0.0026
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K* semileptonic decays

measurement of the absolute branching ratios

e 4 tag samples: K — uv, Kt = u*v, K = on’, K = a*nl,
analyzed independently to control systematics

» kinematical cuts to reject non-semileptonic decays

* time-of-flight for e-u separation

o fit the m?_, distribution events/(14 MeV)? K nucl.int.
& o LA A o

oL Al

average of the 4 tag samples:

BR(Kt,) = (5.047 +0.019+£0.039) 102  '° 3§
BR(K®,;) = (3.310 £ 0.016 £ 0.045) 1072 |

10 = |,1

| e !ﬁ
‘ I‘llllli l ' ‘H Hl ”“1 \|“4h'!,|ﬁ

-10000 0 10000 20000 30000
m? (MeV?)
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semileptonic decays and V ”;

i
”I
l()c\’*

muon decay T( — eviv) = - (14 3) [L+0O(m?Z/m>) + O(a/7)]
V and A

kaon decay: Fermi super-allowed, 0- — 0- only V, Cabibbo suppressed, = |V |2

2 5
= 5 s T T ' n _ 2
K — wlu(y)) = 68 I\‘ )|fA 0) ] ];\— S [l + dsu: )—|—()(,,,]
—~— isospin-breaking +

BR(K — mlv) [ T l long-distance e.m.
phase-space integral corrections (= % )
Clebsh-Gordan isospin factor _ _
C, =1 (12) for K° (K) T short-distance electro-weak correction
K fK (t) K JT fOI'm faCtOr ~1+ (2(1/3_[) In (MZ/ MK)
= (pK - pn )2

to be measured: to be computed:
* branching ratios o form factoratt=0
o K lifetime « SU(2), e.m., e.w. corrections
e Kmass

e form factor t dependence
better if in the same experiment
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K form factors

definitions: two invariants — two form factors D
JT
(m|5vaul K) = FE7 () (K + Pr)a + FE7 (¢ () Pk 1 /< k
zmlepton = - 2 ’
. . ¢ i (Px-P,) k
fo (1) = FET () + ——— f27 ()

s o )
miy — myg

parametrization as power expansion

2 g g / ZL " fQ
vector £, () = £,(0) (1 X Ai;,,4 ) scalar  fy(t) = f4(0) (1 X+ Mt )
> . ]- . l ! [ - !
orasapole fit)=10) ;—mm i) =) e M= (mJ/M)> A" =227
My /Mg

the A\ parameters are extracted from the event density function,
the integral I, is computed as function of A\'s

=ROMA
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form factor parameters

data: 328 pb', 2 10° K| — nev decays, analysis as before
e more stringent kinematic cuts, time-of-flight for e—-u—n separation

e to improve the resolution in momentum transfer ¢
e separate measurement for each charge state ( e, en* ) to control systematics

: i . = + + -3
linear expansion: A=(286+£05+04)10 K, — mev

quadratic expansion: )/, =(25.5+1.5+1.0) 1073

7 10 contour
N, =(14£07£04)10° |2

pole model: M, =870 + 7 MeV

KTeV: M, =882.3 +6.5 MeV 2
NA48: M, =859 + 18 MeV i

good consistency (beware of correlations) :

Filippo Ceradini - Paris, 21 Septembre 2006



V

us

putting results together

form factor parameters x 103
N,=2542+0.31 ; A", =1.29+0.03 ; A,=1587+0.95 [

Leutwyler and Roos, xPT: f.(0) =0.961 + 0.008
lattice QCD: f,(0) = 0.960 £ 0.009

phase space
integral | (\)

V f 0 ® BNL-K'
IVidl? + IVysl? + [Vipl? = 1 | - O S
ud us ub 2241 m KLOE-(K'K))
Vud = 0.9738 + 0.0003 (nUC|ear [3 decayg - NA48-(K+-KL)
V, =(3.6+0.7) 103 X ® KLOE-Kq
0.220 — —
V,.f.(0) = 0.2185 % 0.0022 \,{ - { ) i
experiments average P Cozis * $ } ; ¢ } -
V,.f.(0) = 0.2164 % 0.0005 o } ' { )
0.212 _— —
IV,.| = 0.2252 £ 0.0019 —
. PDG2004 } i
the long-lasted crisis of the ~ ***[ |
CKM matrix unitarity is over - -
y K e3 Koes K 3 Kous
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the muon anomaly

the muon anomalous magnetic moment II g e _§ é
experiment E821 at Brookhaven m / \
a, =(g, -2)/2=(116 592 080 £ 60 ) 10" —

VW VW
the hadronic contribution is large

had i i ' '
a, "4 computed with the dispersion relation a,"ad = 7000 x 107"

OC .
had _ 1 _y and gives the largest theory error
G, = 4 3/ Ue"’e——.»had(s)]\ (s)ds
T 4771;21. 10 g T T T T T T T g
3 3
10
the kernel K(s) behaves ~ 1/s 2 - E
0" = z
107 - :% .
o, B e, /I \ 7
= Te l\\r“*"h / \\ _§
, fo(e*e” — hadrons) mb ./ \
10 & <
10 -8 i | L1 1 1 I| | | l | AN ] II| | | ! | [ I Tl I| ' ]
1 0 s (GeV) 10’

> 4t (+KK)
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e'e" — iy

measuring o(e*e- — ')

contribution to a, for Vs <1 GeV = 2/3, mainly e*e” — '
DA®NE is tuned at Vs = m,
KLOE: stay at the ¢ peak, use the radiative return method

small relative contribution of FSR
reduced background contamination from ¢ — a*rn®

[extract o(e*e” — m*m) using the radiator function ]

e |correct for final state radiation T
B

main error in o(e*e” — a'r) = )
=

g 12
B

o’ 10

0 .

1

_—
|

(W]

|:(1(T(7T+’}T_",)

oleTe” — wTn7) m 9
dm?2._ @

PHOKARA event generator
used as radiator function

EAETRE Filippo Ceradini - Paris, 21 Septembre 2006
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no y tagging: photons 6, < 15° or 6, > 165°, pions 50° < 6, <130°

Initial State Radiation

measure differential cross section e*e- — a*ry as function of the s invariant mass

<N\
F =1
NN

S, (GeV?)
50



ete  — '

+A- + - + - + - 2
do(e*e" — n*my) / ds_, o(ete” — ') IF.(s)l
F - 50
90 =
28 o 140 [ 2 _ |
N :E . . s CMD-2
P e . 1200 ' ¢ a0 v
70 L l_é . b T .. k5 i KLOE
[ 3 ‘ w . » I i
53 - 1000 [ ¥ . N i
60  'r . . © o ¥ e
F e . 5 B : o k 4
[ o ‘ v
50 1: . * 800 - . . . v ¢
[t . % . . o » #
40 :_"g ’ .'. 600 - °. .0 20 .X "‘
[ . . o . g
[ o %, .. . v' *
30 [ ° %0, o . 5 va v
[ .. w 400 —0.. ..c ' v:A ’:v
t » " . Y %
20 .n. .0. 10 ," e,
0 E ....'l 200 - '......‘. ) 'v,v'f w"lv. 5
F . s TWeve
“o....m vvvvvv
i B v g e e 0 1 L 1 1 | 1 o ! L | .
03 04 05 06 07 08 09 04 05 06 07 08 09 o e e e " '
R L Gev) s (GeV?)

statistical error of o(e*e” — n*r") is negligible,
systematic error is £1.3%: 0.9% measurement ® 0.9% from H(s__,s)

T’

two different methods: CMD-2: energy scan, KLOE: radiative return
fair agreement (but at the peak ?), good agreement for aMhaOI

KLOE: 0.35<s5<0.95 a " = (3756 = 8y, + 35,4 = 35¢e0) 107"

CMD-2: 0.37<s<0.93  a,"ad = (3786 + 27, + 23,4) 10" VEPP-4M
Novosibirsks
==ROMA
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e'ee ® TtT—vV

e

e  ° analysis of T decays agrees better with E821 result
= ~ * Ag,(t—v) =10; Aa (e'e’) =30
T . . . .
~ T e systematic difference in e*e- and Tt — v data as function of s
v e agreement among e*e” experiments, the trend is the same
T 0
'... / . . .
"F, a problem with isospin symmetry ?
~ n new results from KLOE, CMD2, SND coming soon
0.3 bO’

DEHZ 03 (6" -based) i v KLOE %29/@{9

180.9+8.0 ——A— ; i 1 Average o« CMD-2 | J’@/ o)

DEHZ 03 (t-based) ' 0211 prelery 1 %% /))‘V

195.6+6.8 S = %) (Qo

— e D, .

ATt = EHE

J 03 (e*e -based) e "%‘ )

179.4+9.3 —_]— N_g 0 L] . O,f 4

TY 04 (e*¢™-based) n & Q

180.6+5.9 —— = "36 <<(\

DEHZ 04 (e*e™-based) 01| % O

182.8+7.2 —oe— n (o4

BNL-E821 04 : -0.2

208+5.8 —ti—
Lol b b b b b P e b F g

140 150 160 170 180 190 200 210 08 02 05 04 05 06 07 08 08 1 11 12

a,—11659000 (107 s (GeV)
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light mesons

light mesons: qq pairs in the lowest state of angular momentum
antisymmetric for interchange of colour, flavour, spin

o0 Ry W ¥ aavar doesn’t work for scalar mesons

® e what is the structure of 0" mesons ?
e why an inverted mass spectrum ?

I3 « do they obey the SU(3)f4,0,r SYmmetry ?
e do x and o really exist ?

o7 models
0 - e bound state of two diquarks
 molecule of two pseudoscalar mesons qq

a9

o)l
I
_Q.Q

q

¢ decays to scalar mesons, ¢ — fyy, ¢ — ayy
they are almost degenerate in mass close to the ss threshold

fo and a, should contain some hidden strangeness
o should reveal itself in the wwy mass spectrum
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¢ radiative decays

1- — 0- magnetic dipole transition ¢ —=n'y; d —=ny; ¢ — 7O
1- — 0* electric dipole transition ¢ —ayy; ¢ — fyy; very broad resonances !

: : A |Ttn~) — |77 7) : : 0

apisospin  |1,0) = 7% antisymmetric, does not decay — mw, but — nx
2

nn7) = |an) + )

V3

¢ — apy ag — nni’; n — 7710 or yy; final state: 2 tracks + 5 photons OR 5 photons

fo  10,0) = | decays in the three combinations with equal weight

» kinematic fit in the hypothesis nn%,
» fit the nn® mass spectrum with the amplitude A(¢ — ayy) + A(¢ — p°xP)

¢ — foy fy — n9n0; final state: 5 photons

» kinematic fit in the hypothesis 70,
« fit the 1% mass spectrum with the amplitude A(¢p — fy) + A(¢p — p°n®) + A(dp — oY)

fo — n*m; final state: 2 tracks + 1 photon

e large background from ISR p® — wt*mr
« fit the t*t"mass spectrum with the amplitude Az + Ars + A (P7Y) + A — fpy) + A — o)
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scalar mesons

results, very model-dependent
02, l4m = 0.40 £ 0.04 GeV/?2

9%k 9% = 0.55 £ 0.07

BR(¢p — agy) = (0.74 £ 0.07) 104

<

K . . T
Gyl = 2.79 £ 0.12 GeV? Gyl = 2.76 £ 0.13 GeV? Is-k Is.an
g;«/g frx 04'000 - 0'1137 0.07) 10+ g;Klg frx +2'66 - O;? 0.4) 10 fit of the ¥ mass spectrum
— = + - —- . = + - .
(¢ = n'y) = (1.07£0.07) (¢ = a'ry) = (21£04) with the kaon-loop model
o favoured in the fit o not needed in the fit

4000 -

Meld

Y

ay and fj strongly coupled to KK, f, more than a, om0
branching ratios relatively large

no evidence for o meson, neither excluded nor confirmed =i —

2000 [

vents /

T R T O N

|

results consistent with the description of scalar mesons o b
as bound states of diquarks

T il (I
500 600 700

= us s — ds ds = 2800 |
a” =ds ds = —— — at =us ds S0
V2 B
_ '.;400
F us 45+ ds ds £200
\/§ I L1 Py B o | : 0
= 900 950 1000
o =ud ud m(r) (MeV)
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pseudoscalar mesons

N-1’ mixing ) ) )
ut — dd utt + dd — 2s5 uti + dd + s3

in the SU(3) basis Mg) = ———— Ng) = ) =

0 ro
v.vhoargn "ﬂﬂ ' n|_[ cosbp sinBp ||Mg
likely ni® = |ntg) with no strange quark and n -sin By cos B || Mg

. wi + dd
in the flavour basis  |N) = - S) = s5 ep = Op + atan\2
measure the decays ¢ — n'y and ¢ — ny selecting the same final state
N —=nan n—anad -
. N BRO =Y - 4764022)10° BR( — ny) = (6.19 + 0.30) 10°

L W BR(9 = my)

flavour basis: ¢p = (41.5+ 0.7 £ 0.64,.,)° SU(3) basis: 0p = (-13.2 £ 0.7 £ 0.64,.,)°

n forbidden decays
vo)
n—yy 2 even— odd BR(M — yyy) < 1.6 105 90% C.L. ‘9*“%%
///',7/.
n—=aw P and CP odd—even BR(N — n*w)<1.3105 90% C.L. “
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the puzzle of the  mass

NA48 v — 3x° decay, measure energies and angles
m, =547843 + 30 + 41 keV

GEM reaction p +d — 3He + n close to threshold,

measure missing mass m, = 547311 +28 £ 32 keV __

e select ¢ = ny;m —yy from the 3y Dalitz plot
e kinematic fit with the ¢ mass constraint

* energy calibration with e*e’y ; energy scale from m,

54

check:
m(z®) = 134990 = 6 + 30 keV
m(nO)F,DG = 134976.6 = 0.6 keV

300 [ 0

250 | T M
200 |-
150 -
100

5 o

03 ! 1 L ! | o PR 1 0 i 2 '
0 005 01 015 02 025 03 035 E 0 . 100 200 200 400 500, 600

mz'yl‘y2 GeV2

N

WEIGHTED AVERAGE ~
547.5120.18 (Error scaled by 5.8) (SI 7 7 ~ 80 ’

2
X
ABDEL-BARY 05 SPEC 225
LAl 02 NA48 423
3 KRUSCHE 95D SPEC 23
PLOUIN 92 SPEC 20

DUANE 74 SPEC _ 0.1
6.2
(Confidence Leval 0.001)
|

6.5 547 547.5 548 548.5
7 mass (MeV)

m, =547 822 + 5+ 69 keV

350

T

200 - ‘
150 - MM

100 - ’M

events/ (62.5 KeV)

50
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the future

DA®NE will run in 2006-07 for two other experiments: SIDDHARTA and FINUDA
with periods of machine developments to increase the luminosity and the beam lifetime

plan (to be approved) to start in 2008 building a DA®NE-2 3x1010 ¢

« higher luminosity at the ¢: = 8 1032 cm2s™! = 10 fb™! per year [ > | 2x10° tagged Kq
¢ maximum energy, Vs = 2.5 GeV 1x10° tagged K,
and start a new physics program in = 2011 to reach = 40 fo!t | #10"

only one interaction region

expressions of interest presented
at the Laboratory this spring:

Continuation of KLOE physics
program at DA®NE upgraded in
luminosity and in energy

Measurement of the nucleon form
factors in the time-like region

Study of deeply bound kaonic
nuclear states at at DA®NE-2
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the program

study of the time evolution of entangled kaon states, reach the sensitivity to the Planck
scale: interesting tests of CPT-symmetry and quantum mechanics

e—-u universality (K — ev /K — uv) and the mass of the pu-neutrino

verify the universality of the weak coupling to leptons and quarks, test the unitarity of the

CKM mixing matrix

measurement of rare K< decays (charge asymmetry, Kc — n*nn®, Ke — nt9n0x°
s S S

light mesons: structure of scalars (via yy interaction), rare decays of pseudoscalars

improve and extend the measurement of o(e*e- — hadrons), muon anomaly, evolution of o,

measure the baryon electromagnetic form factors, e*e- — pp, nn, AA

... and more .
the KLOE detector has proven
to well face the challenge, .
nevertheless

something can be improved ’

add a small precise tracker for K decays
and to improve the z coordinate

add a tagging system for ete- — e*eyy

increase the calorimeter read-out granularity
increase the band-width of the data acquisition
reduce the magnetic field (easy)

a new exciting challenge, who wants to join is welcome
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conclusion

1999: commissioning of DA®NE and KLOE
2000: first data, 20 pb, and first results

2001-05: KLOE has collected = 2.4 fb™' of data, with a remarkable efficiency
2006: short period off-resonance at Vs = 1 GeV for = 0.2 fb-"

about 1/5 of data analyzed so far: strong impact on many fundamental parameters

the K® mass, the K| lifetime, the K* lifetime,

the absolute branching ratios for the main Kg and K| decays
the K5 and K| weak form factors

£,(0) Vsl

the hadronic contribution to vacuum polarization for Vs < 1 GeV
the structure of light scalar mesons

... and more

many thanks to my KLOE friends

merci a vous pour I’'aimable hospitalité
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the KLOE friends

KLOE Collaboration

F. Ambrosino®, A. Antonelli®, M. Antonelli?, C. Bacci', P. Beltrame ®, G. Bencivenni ?,
S. Bertolucci®, C. Bini¢, C. Bloise®, V. Boccié, F. Bossi®, D. Bowring **, P. Branchini®, R. Caloi ¢,
P. Campana®, G. Capon?, T. Capussela?, F. Ceradini®, S. Chi®, G. Chiefari®, P. Ciambrone ?,
S. Conetti*, E. De Lucia®*, P. De Simone *, G. De Zorzi®, S. Dell’Agnello?®, A. Denig®,
A Di Domenico®, C. Di Donato¢, S. Di Falco®, B. Di Micco!, A. Doria®, M. Dreucci®, G. Felici?,
A Ferrari®, M L. Ferrer*, G. Finocchiaro?®, C. Forti®, P. Franzini ¢, C. Gatti*, P. Gauzzi &,
S. Giovannella®, E. Gorini ¢, E. Graziani®, M. Incagli®, W. Kluge ®, V. Kulikov*, F. Lacava?,

G. Lanfranchi®, J. Lee-Franzini *, D. Leone ®, M. Martini *, P. Massarotti ¢, W. Mei?, S. Meola ¢,
S. Miscetti*, M. Moulson?, S. Miiller ®, F. Murtas *, M. Napolitano ¢, F. Nguyen®, M. Palutan?,
E. Pasqualucci®, A. Passeri’, V. Patera', F. Perfetto®, L. Pontecorvo ®, M. Primavera®,

P Santangelo®, E. Santovetti®, G. Saracino?, B. Sciascia®, A. Sciubba*‘, F. Scuri®, I. Sfiligoi*,
T. Spadaro®, M. Testa®, L. Tortora’, P. Valente ¢, B. Valeriani®, G. Venanzoni?, S. Veneziano:,
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appendix

Detector and data handling

» The KLOE electromagnetic calorimeter, N.I.M. A482 (2002) 363

* The tracking detector of the KLOE experiment, N.I.M. A488 (2002) 51

* The trigger system of the KLOE experiment, N.I.M. A492 (2002) 134

» Data acquisition and monitoring for the KLOE detector, N.I.M. A516 (2004) 288

» Measurement of the DA®NE luminosity using large angle Bhabha scattering, Eur.Phys.J. C47 (2006) 589

¢ properties and decays

« Study of the decay ¢ — nn%, Phys.Lett. B536 (2002) 209

« Study of the decay ¢ — n%=0, Phys.Lett. B537 (2002) 21

» Measurement of T'(d — 1'y) / T(¢ — my) and the pseudoscalar mixing angle, Phys.Lett. B541 (2002) 45
» Study of the decay ¢ — n*nn®, Phys.Lett. B561 (2003) 55

* Upper limit on the 1 — yyy branching fraction, Phys.Lett. B591 (2004) 49

* Upper limit on the n — wt*7r branching fraction, Phys.Lett. B606 (2005) 276

» Measurement of the leptonic decay widths of the ¢-meson, Phys.Lett. B608 (2005) 199

» Study of the decay ¢ — f,(980) — %%, Phys.Lett. B634 (2006) 148

« Dalitz plot analysis of e*e” — 7% events at \s = M,, Eur.Phys.J. C

Kaon properties and decays

» Measurement of the branching fraction for the decay Ky — mev, Phys.Lett. B535 (2002) 37

* Measurement of I'(Kg — nt*(y)) / T(Kg — n°n%), Phys.Lett. B538 (2002) 21

» Measurement of the branching ratio K* — ntnn0, Phys.Lett. B597 (2004) 139

» A direct search for the decay K4 — 3n%, Phys.Lett. B619 (2005) 61

» Measurement of the K| lifetime, Phys.Lett. B626 (2005) 15

» Measurement of the absolute branching ratios for the dominant K decays, the K| lifetime and Vg, Phys.Lett. B632 (2006) 76
» Measurement of the form factor slopes for the decay K, — nev, Phys.Lett. B636 (2006) 166

« Study of the branching ratio and charge asymmetry for the decay Kg — mev, Phys.Lett. B636 (2006) 173

» Measurement of the branching ratio of the K — n*n” decay, Phys.Lett. B638 (2006) 140

* Precise measurement of I'(Kg — nt*r(y)) / T(Kg — 7%q°), Eur.Phys.J. C

« First observation of quantum interference in the process ¢ — K¢K| — n*nn*n: a test of quantum mechanics and CPT symmetry, Phys.Lett. B

e*e cross section
» Measurement of o(e*e- — w*my) and extraction of o(e*e — n*n”) below 1 GeV, Phys.Lett. B606 (2005) 12
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