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Plan of the talk

“Other” =——=> No V, no rares
‘Recent” ——> Nothing prior 2003
s Kgdecays: Ks — 3n°
Kg — mev
m K? decays: K* — 3rn
Kt — 2nev

m A glance at the future  Excluding K — 7l




K< DECAYS



Ky = 379, test of CP and CPT

Observation of K¢ = 37’ signals CP violation in mixing and/or decay:
If CPT conserved: Cooo=Tro001€+€ 000 BREKg—=> 31" ~2x107°
Best results:  BR <1.4x 107> 90% CL SND ?99

Uncertainty on K¢ - 31’ amplitude currently limits precision on Im 0

From unitarity (Bell-Steinberger relation): e describes CPV
O describes CPTV
(1 +itan ¢gy) [Ree—iIm 3] = Z A*(Ke—> ) AK, > f)
Bestresults: Imd=(2.4 £ 5.0) x 10‘5 CPLEAR 99

Compare to
M/ Mpp, g =4 x 10720

m.,
[Im 8| <~2x 1075 m K<m >K < ~8x1071
K




The NA48/1 K5 beam

Two simultaneous neutral beams from CERN SPS:

~5x 100 triggered

‘near”: Kqenriched beam
Kg decays

bh

“far”: almost pure K, beam, used for normalization
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Ky —> 37 NA48/1

About 5 Millions K°/ K° — 379 reconstructed
from the near beam

Sensitivity to 7,,, comes from Kg/ K| interference at
small decay times near the target

~Tgt

I(t)=e "™ +|ne| e +

(g +T',)

+ @{Re( Moo ) €os( Amt ) — Im( 77, ) sin( Amt )}e ’

l

dilution factor: describes the momentum dependent
production asymmetry between K° and K°. Taken from
previous measurements of NA31



Ky —>37%: NA48/1

Collimator
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Ky —> 379 NA48/1

A. Lai et al. hep-ex 0408053

Re(11,90) = -0.002 #0.011 +0.015
IM(10,) = -0.003 #0.013 +0.017

J

p=0.57

I g

BR(Ks— 3n°) <7.4x 107 @ 90% CL

a5%

™

@ From unitarity

Im(3) = (-0.2 + 2.0) x 10-°
Re(c) = (166.4 + 1.0) x 105

1 L1l L1l L1
.06 -0.04 -0.02 0 002 004 0.06

Rein,m)

Assuming CPT:| BR(Kg— 3n°)<2.3x107 @ 90% CL




The K “beam” at DADNE

+ ) — 6 1
Measured particles { KTK~ 1.5 > 10°/pb

6 /yh-1
fluxes at the @ peak K, Kg 1.0 x 10°/pb

n 4.0 x 104/pb-!

KLOE has collected ~ 450 pb~’ :
in 2001-2002 [T Ty Tagging K,

7‘5 __ —
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~ 2 x 10° tagged K decays
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Tagging technique based on \ti '15:'__. {;r
on K, TOF Etag ™ 35% el Ky — ety




K, — 37°:KLOE

Preselection

=4
o
. . . N
* K tagged by K, interaction in EMC = * Data
' * MC2n
6 photons, no tracks from IP :
 Kinematic fit in 2n° & 3n” hypothesis o
Rejection of background T .. '_
K - 27° + 2 split/accidental clusters B R SRS B
T I, 3t
» Define signal box in y%;, vs. %y, plane: | “we 7 nEE, RS
X%, “best” 3 photon pairs N AR T A S I
0 2 4 6 8 x 3TC

X%, “best” 2 pairs
Cuton E(Kg) — X E_

en=  22.6% Ny MC)=32214+05 N, =4

T




K, — 377 KLOE

KLOE
BR( Ks— 31°) <2.1 x 107 @ 90% CL Preliminary (¥

000 |

7

A(KS—)37Z'O)_ @B(K/S% 37[0)
4K, 7Y |/ BE, 7

V

2.4 x 102 @ 90% CL A
| Nogo [ < 2.4 x 102 @ 90% Using PDG values

B From unitarity

Im(3) = (-0.5 + 2.0) x 105

(#) Presented at ICHEP 04



Ky — 3% unitarity

(1 +itan ¢gy) [Ree—iIm 3] = %zf A*(Ke—> ) AK, > f)
s

taken from:hep-ex 0408053

= 204

mostly PDG04 values

107 ¢ Tmf{ev )

€ §
vy =1, Briks —xta7) 1.146 L0015 1.084 @
cpn = on BriRe — 77" 0L.511 £ 000 (L4488 -+ 0.00s
oy = Ty Bris — 7h7 9] 0,003 + 0,000 (1003 £ 0,000

vy = 2 %-;— Brik, — wle) >
[Re(e) — Re(y) — élImiz, ) + Im(4])] 001 = 00007 (L005 £ 0,006
ayo = &7} _Br(K, — mtaa”) 0.000 + 0,002 0.000 + 0.002
oo = 2 1y, Br(K,, — 3a7) 0.001 -+ 0.007  0.001 + 0.008
3 oy L.Gos = 0,024 1581 = 0,025

Error now dominated by n, _

recent KTeV measurement not included !!



CPT test is also performed
measuring K, Kg semileptonic
asymmetries:

T (K, »rev)-T(Kyg, >7ev)

T(K s> eVv)+I(K, > e )

S,L

Aq-A = 0 if CPT holds

A, =(3.322 +£0.058 +0.047) x 10 KTeV 2002

KLOE looks for semileptonic Kq decays in events with a tagging
K, and two tracks from the i.p.



K, — ev: CPT

Reject events with M__ close to kaon mass
7 / e separation with time of flight (At ~ 2 ns )

Efficiency evaluated using g(n"e”) =(23.6 0.1 +0.6)%
K, — mev close to the IP: g(ne’)=(24.1+0.1+£0.6)%
wl T etV o eV Fit to MC spectra of
g Hvi o ﬁl signal and backgr.
! I 2 [y Radiative decays
wl f Dt wl b included in MC!
200 ;vf"E"?-:{-”“'_"_“ - 200 ;‘?ﬁ{j{rﬂ_
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EmiS-S_CPm-iSS(M-ev) Emiss-‘CPmis;(Me‘v)‘
Ag= (2% gy T 64y) X 10° KLOE2004 (preliminary)
Presented at ICHEP 04



K, — mev: AS = AQ
No AS = AQ transition at first order in SM

x = (¢ —=d)(a+Db)
x| ~10~7 AS#AQ in K° decay to et

X = (c+d)(a —b)
AS#AQ in K° decay to e

x,=(x + x)/2 = Re(c*/a) + i Im(d*/a)
Re x, = Re(c*/a) describes

AS#AQ when CPT conserved

BR(Ks — nev)/1s— BR( K, —> nev )/t

2Re x, =
BR(Ks —»> nev)/tg+ BR( K,  — nev )/t



K, — mev: AS = AQ

KLOE Preliminary (ICHEP 04)

BR(K, — mev) = (7.09 + 0.07,,,, + 0.08, ) « 10~

Using

and :

) PDG K — mevand 1,

) KTeV K, — nev and PDG
) KLOE K| — mev and T,

) CPLEAR 98

OO0 W >

Re x,

dgrar £ 2.9gyg7) x 107
Istar T 2.95ys7) X 10-3

STAT + 2.9gyst) X 107
stat £ 4.5gyst) x 107

P—'\'._A



CHARGED KAONS DECAYS



NA48/2 . goals of the experiment

Direct CP violation in Kf —» tnnt and Kt — 100

Ag

g+_g—

9, + 9

Mu)o«<1+g-u

u=(2my/m?) (m/3-E* 44)

Vs measurement in K and K ; decays

Rare or semirare K* decays

K+ > nttme®v

K* — pruat
Kt —> efentt
K* — ntyy



NA48/2 experiment configuration

The simultaneous K* and K- beams
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beams coincide within <1mm 114m decay volume



K= — 371t : NA48/2 statistics so far

LA o mtr0m0
ran (x10°) (x106)
2003 (1) 600 20 non _s_table
conditions
lysis cl
2003 (I1) 1300 50 analysis close

to completion

2004 2150 run ended
. \Aug. 11

Tt Af=(m+2.7)x 10 my guess
00 A= (m+£5.0)x 10

One order of magnitude improvement wrt previous results!



K decays and the n—n scattering length

Current algebra and PCAC + ChPT lead to precise prediction
of the threshold behaviour of the t—n scattering

a,m, = 0.220 £ 0.005 G. Colangelo, J. Gasser, H. Leutwyler,
a,m_=-0.0444 +0.0010 Nucl. Phys. B603, 125

(ag—a,)m_=0.265 + 0.004

Precise measurements of the above parameters can be
made studying the following transitions:

Kt — n'netv  (KY,) Ko, — mPne*v  (KY,)

K — nonle*v  (K,)



Kt., : BNL-E865

> 400,000 observed K* > n*nm—e*v events
(S. Pislak et al. PRD 67 072004 (2003) )

BR(K*., ) =(4.11+0.01 £ 0.11) x 10°5

—0.02
From a fit to the nt spectrum a,
ao — /,:/,, r:hpjjijr
—-0.05 . Weinberg
0.216 £ 0.013 = 0.002
theory
—0.08 |

016 .20 22 0.6



K®_, : KEK-E470

216 observed K* — n%rletv events
(S. Shimizu et al. PRD 70 037101 (2004) )

factor ~6 larger wrt

previous expt.’s e @)1
1—(K00e4 ) - 550 - ] §5u
(3.56 £ 0.26 @ x 10% s~ o |0
-1 -CI_ECOSC;} " 0.5 1 -
ey

limited acceptance o Tl T T
(1.85i0.1?i0.24)x103 s %20— —:‘gm_ |
if K=, [ used or + 1mr ¢ -

50 100 150 75 100 125 150

Proof of principle for future expt’s Pe (MeVic) My (MeV/c?)



Kt — ntn0Or0

The value of (a, — a,) can be extracted from the n%n° spectrum
of K¥ - n*nOrn’

( N. Cabibbo, PRL 93, 121801 (2004))

KLOE has recently measured
BR(K* — n*n%7%) = (1.763 +£ 0.013 + 0.022) x 1072
( A. Aloisio et al. PLB 597, 139 (2004))

No attempt made to study kinematic distributions

Further experimental information might come from NA48/2



A GLANCE AT THE FUTURE



A personal dictionary

In the following,
| will use

very near future

near future

not so far future

meaning

something which can be studied
with data already on tape

something which can be studied
with data being taken now

something which can be studied
at facilities being planned to
operate whithin the next ~ 6 years
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A glance at the very near future: NA48

Results expected soon on: Previous expt.

statistics
K* — n*ne*v 500,000 (2003) 400,000
K* — eten* 10,000 10,500
K+ — ppunt 3,000 (my guess) 800
K* — mtyy ? 31

AB0 | b
100 b
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250

T | KF > mete |

200 |}
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50

| ‘ |
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My
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(GeV)



A glance at the very near future: KLOE

In 2001-2002 KLOE has collected ~ 450 pb~', which
translates into:

~ 2 x 108|tagged| K, decays
~ 5 x 107|tagged|K, decays inside acceptance
~ 2 x 108|tagged|K* decays

4

precision measurements of branching ratios to < 1%

remember that almost all of present experimental information
on kaons comes from _of branching ratios

if BR(K* — p*v ) lower then V . from E865 will come down



In the era of precision measurement there is the need to

be sure that:

ALL of the major branching ratios add up to unity

( Tagged beam of KLOE is a big bonus )

Radiative corrections are properly
treated

( We are talking about O(%) effects
compared to O(0.1%) precisions!)

KLOE Data/MC comparison — ll

- Data
K,
R K 1 E > 1 MeV

- K, — mev sample

i, I £ ! £ |
-200 -150 - 100 -5 a a0 100

Emiss _Pmiss (e hyp



A glance at the near future: KLOE

KLOE started in May a long run (planned 15 months) with the
goal of collecting ~ 2 fb~" i.e. a factor ~ 5 the present statistics

|Dail1|r luminosity [nbarn —1i

8000-kioE ™m™
delivered "™

6000

4000

2000-

4

05
14/04/04

Peak delivered Peak logged i
daily value 7262 ‘ daily value 7163 ‘ 02/10/04

|Integ rated luminosity [pbarn-1 i

500 o [ 7,

400 defivered |, " | oo

300

200

100

4104108 DAFNE [45¢ | KLOE l3a5 | 02/10/04
delivered logged

|Peak luminosity fcm-2 s-11|

1 .2E+32'_|(|_0|; ,ﬁ'

1.0E+32

8.0E+31
6.0E+31-
4.0E+31-
2.0E+31-

0.0E+0-
14/04/04

Poakvalue 1 13E+32 | 02/10/04

Daily luminosity:.
Best day 2004: 7.1 pb-1
Best day 2002: 4.7 pb-1

Total luminosity:.
2004 (up to 10/2): 390 pb—1
2001+2002: 460 pb-1

Peak luminosity:
Best 2004: 1.13 x 1032cm—2s-1
Best 2002: 0.78 x 1032cm—2s-1



A glance at the near future: KLOE

2 fb=1 “shopping list” :
Ks semileptonic asymmetry consistent with 2 Re(g)
First observation of K — mpv
Limit on B(Kg —31%) ~5x 1078
K, studies
A deeper look into quantum interferometry

A first look to Kg — vy



A glance at the not so far future: KLOE

INFN is considering plans for upgrading-renewing DA®NE in
a not so far future

Among others, a possibility is a ¢-factory at L > 1033 cm—2s~"
With > 10 fb~" one can:

Complete the original KLOE program: &7, interferometry...
Improve on Kq rares, Ks— 3mt, Kg— mlv

Be competitive for Kg — tll



CONCLUSIONS

Several new interesting results have appeared in the last
~ 2 years in K physics and are yet to come in the nearby
future, addressing many different fundamental issues:

Tests of fundamental symmetries (CP, T, CPT)

Studies of low energy Quantum Chromodynamics

Tests of the Standard EW Model

Not only K| are interesting, but also K and K*

At the new facilities under study and/or construction we
can improve a lot on all of the above and more...
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