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Outline

Plenty of new results on kaon physics since PIC05:

KLOE: NA48: KTEV:

* BR(K; — ')  CP violation in * BR(K;— T'ty)

* K, e3 form factors K*—37 « Hadronic

* BR(Kg — mev) and Ag * T scattering radiative decays of
* (K->t (7)/T(Kg—>n'n’) lengths from K, with virtual

* BR(K'>utv) K*—>ntnin? photons (K; — nmwy*
« K* semileptonic decays * K(— ' n’ and K; »>7nnmwy*)
 K* lifetime « (K= )/T(K*,,)

In this talk focus on:

 Direct CP violation in charged decays and (totally
unexpected) T scattering lengths from K*—min'n? decays
* V , measurement and unitarity test of CKM matrix.

* Determination of CP and CPT violation parameters
using the Bell-Steinberger relation.

* We universality in K*,, decays

* Status of rare K decays (K—7Tvv) measurements.
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Direct CP violation in K*; _ decays

. Compare the Dalitz plot density for K*

and K-, in the K*31 decay modes:
BR(K=—>m* 1t t")=5.57% (charged)
BR(K*>m*n'nt?)=1.73%. (neutral)

* Matrix element:

IM(u,v)|?~ 1 + gu + hu?+ kv?

g =—0.2154+0.0035
g =+0.638+0.020.

lh| and |k| (~10-?) negligible wrt g
* The slope asymmetry is the direct CP— 2

g)(gtg)#0"7
* SM estimates vary within an order of

violation quantity: A, = (g,—

magnitude (few 10°...8x107).
beyond SM predict substantial
enhancement.

 Data-taking 2003:

1.61x10° events selected.
3

Lorentz-invariants:

So = (Sl+Sz+S3)/3; nl even
u = (S;-5,)/m,2;

v =(5,-s,)/m_2. ‘>I§
Kaon rest frame: T3 even
u = 2my-(m,/3-E_,,)/m ?;
v=2my(E,-E,)/m_2.

s, = (P—P,)% i=1,2,3 (3=0dd T);

T3 0d4d
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[\” Direct CP violation in K*;  decays

-Careful control of detector (Ag; ;) Y
Achromats: K* Up

and of beamline (Ag,p) asymmetries.

BR(K*—n ')
* Slope difference:

Ag = (-0.7£1.0)x10
* Charge asymmetry:

Nvy

A, = (1.7£2.9)x10 Achromats: K* Down
BR(K*—7m*n’n?): small BR and w2
acceptance, larger slope. % Ag A9 q AGyp
* Slope difference: 5 ; > MC
Ag= (2.2 +3.1)x10" L4 AT
 Charge asymmetry (using g,=0.638): §0_l_l el 1 I ' |i
A%, = (1.8 % 2.6)x10 TR on gk

H

- x2indf = 0.4/3

 Errors dominated by statistics
* Order of magnitude improvement % TN T O T

hep-ex/0602014; PLB 634 (2006) Supersample
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\ aﬁg Cusp-like effect in K~— 2’7’ decays

x 102
The high resolution of the NA48/2 1600 |-
experiment has allowed to observe —for the
first time— a subtle and interesting
phenomenon in K*— 37 decays: anomaly in

the ©'n® (M?2,,) invariant mass distribution in
the region M,,=2m_,.

]
3
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The origin of this discontinuity is due to the !

. . . I
following interference/re-scattering effect: 008 009 01 011 012 013
Mg (GeV /)

=]

¥
/\Tc{]
"0 %2 ) at threshold
From this effect a new way to measure aj-a,, important parameters of the ¥pr.
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Cusp-like effect in K*— 72’7’ decays

A=(Data-MC)/Data

 Without the re-scattering effect: x’>=13 574/148 d.o.f 0.05
» With re-scattering plus pionium: ¥>=141/139 d.o.f AN IS TSR
0.04 T 0.05 1€ fit interval >
el | i }i A=(Data-MC)/Data o1 |
A omf EHfI >
: Db Wb Bl a5 42=120/110 d.o.f.
0,02 | ol
:ggz 3 | '\II' l I . | . | T
0075 0.08 0.085 0.09 0.095 -ugu &75 08 08 558 u.t‘.iIQE
Moo' (Ge\ﬁ} ' " M2 (GeV/c?Y
— Universal band A (Olilgilo:”d NA48 now: (ao_aZ)mﬂ:
| e tree (.15.’66)’ one qup (198.3), two loops (2000){,{ / :.::‘ — .
—— Prediction (xPT + dispersion theory, 2001);‘{;. /“ SR | 0268(10)Stat(14)Th In a feW years thls

-0.03

-0.05

-0.06

— — Descotes et al. (2002)
E 865 (2003)
MILC (2004)
NPLQCD (2005)

—— DIRAC (2005)

-—- NA48 (2005)

O\ Impact of a,-a, (at 2%)
and a, (at 5%)

measurements.

0.24
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method could provide
the most precise
determination of S-wave
7T scattering lengths
(better than from K,
decays).




Unitarity test of CKM matrix — V.

» Universality of weak interactions + 3 generations:

-' 7 i 7 ]
( / ud / s / ub )
z}' — {r f:r g4

/ CKM / cd I cs V ch

f,' f,’ rd
_rmF rr.s- Irb_

* Most precise test of unitarity possible at present comes from 15 row:
|\]ud|2 T |\/vus|2 T |\/vub|2 ~ |\/ud|2 T |Vus P=1-A
Can test if A= 0 at 1073 level:

from super-allowed nuclear 3-decays: 2|V 40V 4= 0.0005
from semileptonic kaon decays: 2|V oV = 0.0009

* Extract |V | from K|; decays (e.m. effects must be included):

['(K — mlv(Y)) o< I(A) Sgw(1 + Ogp + Osy2)

\% 5T SI(L) 8, K0%(0)
05— ®0.5 ®
|V I Iy  £57%(0)
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Details on the V  extraction

GE My £\ ~2 2 ¢
['kos = 11:}-1,_31 SEw (1 + 9k )C fH(0) Ik
Theoretical inputs
* f,(0) form factor aF Zero momeptum transfer: K &\\\\\\\\r Ll
pure theory calculation (¥, lattice) presently Q b S
known at 1% level. HH s

* Spyw short distance corrections (1.0232)

« C=1(27) for neutral (charged) kaon decays
« 0'; electromagnetic and isospin breaking (K*
only) effects presently known at the 0.1% level.

Experimental inputs
« [ =I(A ., A,,0) phase space integral; depends on the decay mode K*%(e3),
K=0(u3)
* A,,A, slopes (momentum dependence of the vector and scalar form factors)
* I'v;; (BR and lifetime)

* Measure all inputs: branching ratios, lifetimes, and form factors.
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Experimental inputs for V, : 2003-2006

Brookhaven National Labao BR(Kﬂ: %TCOCV)

¥ . Office of Science / U.S. Dept. of En: w7

KTEV d g g a K, dominant BR’s

Kaons at the Tevatron K, semileptonic form factor slopes
/ BR(K; —mev)
[\\” CJ K, semileptonic form factor slopes
BR(K* —7letv)
BR(K(—mev) K* semileptonic BR’s
K, dominant BR’s BR(K"*—utv(y))
K, lifetime K* lifetime

K, e3 form factor slopes

BR(K-— m%evV)
K- semileptonic form factor slopes
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K physics at KLOE - taggi

ng

g .
30/ [Me

Kaon physics at a ¢-factory has ¢ decaymode | BR
some peculiar characteristics: K*K™ 49.1%
* KK, (K*K") produced from ¢ are in a Ksky 34.1%
pure J'¢ = 1= state:
KS, K+ q) KL’ K— fd"":fi_”"f.& :jj:"\x
1 AT T TTHS
EQKD >[<Sa_p>—{[<p_p>‘[{59p>) sz_ _:?:9
of | i
* Allows interference measurements of éﬁ LA fh
KK system TS y s
* Observation of Ky signals presence of l f‘if‘ A
K, ¢; K"~ signals K ~* \H | s _jj/
* Allow absolute branching ratio measurement, ’:,‘&_—_ L
by means of a tag technique. ~

* Pure K¢ beam
* Kg; momentum measured from tag kaon (K g):
Ky angular resolution: ~ 1°; Kq; momentum resolution: ~ 1 MeV
* Kaon momentum (p;~110 MeV, p, ~127 MeV) 1s an excellent lever arm for

lifetime measurements (acceptance about 0.5 A).
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K* lifetime

1 ZIB540 0025 | Eror scaled by 2.1

* T, PDG entries: discrepancies between in-flight I:II e
. . = id=ogramonly. =y ars n=c==-
and at-rest measurements; dlscrepan01es between || '| Sy b e as our st v,

ullizing m=azurements of oher (relal=d)

different stoppers in at-rest measurements. || auanitesas addienal mirmaten.

2
A

KOPTEY 95 CNTR 4.9
- KOPTEV 95 CNTR 0.2
Q1T 71 CNTR 0.1
- LOBKOWICZ 82 CNTR 9.8
- FITCH &S5E CNTR_ 2.4
17.3

iCerfidence Lavel = 0003

I

Tag events with K* — 1 *v decay
Identify a kaon decay vertex on the opposite side

* 1t method: obtain 7, from the K decay length I
Measure the kaon decay length taking into
account the energy loss: T, = 2. AL/(BY.c)

T,=12.367 £ 0.044,, 0.065SVSt ns
(preliminary)

« 2" method: obtain T, from the K decay time
Use only K* — m*n¥ decays
Measure the kaon decay time: Ty = (t, — R,/c)/Yk, using the ©°
(in progress).

Comparison of the two methods allows to keep systematics under control
11 B.Sciascia — Kaon Physics — PIC06




ay ﬁ Dominant K, BR’s and K, lifetime

» Using also the constraint 2. BR(K;) = 1:

N
BR(K, — mev(y) ) = 0.4007 £ 0.0006_,,, + 0.0014,__ iy teq
BR(K, — Tpv(y) ) = 0.2698 + 0.0006,,,, + 0.0014, Loy 520y,
BR(K, = 31 = 0.1997 £ 0.0005,,,, + 0.0019__ Q%;j 199
BR(K, - T%(y) ) = 0.1263 % 0.0005,,,, + 0.0011,,,, s
T =50.72+0.17 +0.33 ns
2000

* Direct measurement of K, lifetime using
K, »n'nt'r’ decays:
T, =50.92 £ 0.17 £+ 0.25 ns 1250 £

1000

1500 |

» Average of KLOE results:
T, = 50.84 £ 0.23 ns

750 |

_ : 6-24.8ns
S00E 1 40-165 em
250 b 0.37 A, :
e cf Vosburg’72: 1, = 51.54 £ 0.44 ns, S : LiBye (ng,
a factor x2 better 00510 15 20 25 30 .35
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K, semileptonic branching ratios

KTEV : E g : |Br{HT.L—>J1:pv}

Kaons at the Tevatron 5 T K.LCIE1
* KTeV measured 5 K, decay ratios of 6 decay modes '_._' A KToV
which account for 99.93% of K, decays A
» The ratios can be combined to extract BRs of the 6 E B i
main K; decay modes. (PRD 70 (2004))

AL 0268 027 0272 0274 0276
i \FJ Br(K_—rev)
.lKiCHE | ;
* Preliminary result (HEP2005) with 6x10° K, events. A KToV . HE
 Measure ratio of BRs: V NA4s T
BR(K, —=mev)/BR(2 track) = 0.497810.0035 ® PDGo4 | |

BR(2 track) =~ 1-BR(K, —3n°) 1 | ——
Using PDG-KTeV average for BR(K; 3n%) = 0.1992(70) 1P
BR(K, — 7ev) = 0.4010 £ 0.0028,_ + 0.0035,,,. T

PP BN ,.i ,41i.L,L1.Jllil,ll
0.3 0385 039 0395 04 0405 041
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Kaons at the Tevatron

KTEV 2. ﬁi&@ K, —»7nr branching ratios

Br(K —m*rn) Br(K —m°n°r°)
mkioe | ~ |MKLOE
. T A KTev
A KTeV é | '; i
Qe — - V NA4s
® PDGO4
_ _'.;{
e A 'S ] 'S "l L j L e el E 'l Il il |. 'S Il L i I" IF i i L L i i L i Il i L L ' L I Il 'l 'l L
0.12 0.122 0.124 0.126 0.12% 0.19 0.195 0.2 0.205 0.21 0.215

)
\‘l"v. IEL ‘lr;:j
NN /) NA48 preliminary measurement of BR(K; — 3%

Extracted from BR(K; —>37%)/BR(K{ —27°)
BR(K; — 37 =0.1966% 0.0006+ 0.0033 (PDG value for BR(K{—2n’))

14 B.Sciascia — Kaon Physics — PIC06




BR(K*— n%*v) preliminary results

jog o PDG (pre E865)

; KLOE preliminary: (4.87+0.06)%
Lot~ » Absolute BR measurement of both K*—mn%*v and E865(2003)

K*— nu*v decay modes. (5.13+£0.10)%

» BR(K*—7e*v) = (5.0470.019,,, £0.039,, )%
* BR(K*—m0u*v) = (3.310£0.016,, £0.045_, )%

)

) NAA48 preliminary:

» Measurement of BR(K* — mlev)/BR(K* —»n*n?)
« BR(K*—7%V) = (5.1420.02,,+0.06, )%

Uk IJSFRA\ ISTRA+ preliminary:

« Measurement of BR(K-—n’%eVv)/BR(K~— ntn?)
* BR(K-— @lev) = (5.22+0.11)%

LT

Note: NA48/2 and ISTRA+ values depend on BR(K* —7t*nt?). Post-PDG’04 results
for Ke3 (E865) and Ku2 (KLOE) decrease BR(K*—n*nY) by ~1% from global fit

to K* BRs

15 B.Sciascia — Kaon Physics — PIC06




K,; form factor slopes

In the extraction of V : needed for evaluation of phase-space integrals I,
Fit of momentum transfer spectrum with different

hypothesis on form factor f,(t)/ f,(0): <k’ e
Linear: 1 + A,z W

Quadratic: 1 + A, t/m’_ + 1/2 N\, (t/m?_,)?
Pole model: M,%/(M,>-7),
Taylor exp. with A", =(m_/M,,)?, A", =2 A/ 2

— [<

)
< \ KLOE Published PLB 636 (2006) 166

S0/ [4

Quadratic:

. 1 6
328 pb~, 2x10° Ke3 decays N, =(255+1.5%1.0)x 10~

 Momentum transfer t measured from
n and K; momenta: 6,/m,?~0.3. A, =(1.4£0.7£0.4) x 107
* Separate measurement for each charge PRy A7,) =—0.95
state (e mtt,e*n") to check systematics. Pole model:

m, = (870 £ 7) MeV

16 B.Sciascia — Kaon Physics — PIC06




K,; form factor slopes

KTEV ==

Kaons at the Tevatron KTeV (PRD 70 (2004)) 5 A X 10 K_; only

Measured in K°; and K° ; decays. ‘f
Uses quadratic parameterization '
Slopes consistent for the two
decay modes ) |
A =(13.72 £1.31) x 10- |
[ L
N, I‘.«. JQ‘_ _
YT NA48 preliminary (HEP2005) 289

0 0 . 1 _
K% a.nd K®; Linear ﬁt. 16 contours
no evidence for quadratic term |

Pole

101021100 Y/ LS (x)

_2 1 Il Il | Il Il L | Il Il L I 1 1 L | Il L 1

7L0:(12.0 + 1.7)X 1()—3 18 20 22 24 26 2sl | 30 |

compatible with KTeV

IJSFRA\ T ISTRA+ (PLB 581 (2004), PLB 589 (2004))
K*_, quadratic fit

20 significance for the non linear term

K* ; quadratic fit Ay = (17.11 £2.31)x 107
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K, ,; form factor slopes

%1073 uad. av.
}L’? <10 (MEZ 486+113 Good agreement between
3 E (A'"Y=1.53+0.46 experiments, if correlation
- K pole av. between A" and A" is taken
- KT (M, y=875.3+5.4 MeV .
2r /=25 4940.31 into account:
' A''=1.29%0.032
1F KTeV equad y*/dof=4.4/4
- M, KLOE 3
0 E NA48 NA48 * pole Xz/dOf: 1.8/2
; CAx1073
20 22 24 26 28 30
M, (MeV)
L | (M,)=8753+5.4, »=1.8
880 F |
* Phase space integral I(A) depends on the —
parameterization: (Tpore-Lguad)’ Louaa 810 3 >|<
KLOE 0.5x1073 860 F N
KTeV 6.0x107 <50k
World av.  0.3x1073 - KTeV  KLOE — NAug

B.Sciascia — Kaon Physics — PIC06
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V. . from all results

== [STRA+ K* _ Slopes
T, = 50.99(20) ns, average KLOE-PDG ® BNL-K'
® KIevE, A, =0.02542(31)
0.224 m KLOE-(K-K;) ’”
I * NASK'K) A7, =0.00129(3)
| o KLOEK (Pole model: KLOE,
0.220 - ] 1 KTeV, and NA48 av.)
i T [ A,=0.01587(95)
~ 0216 * $ 9 } w ’
g R } ¢ { I (KTeV and ISTRA+ av.)
L & [ ] 2

IV |
us

[

——

0.212

From unitarity

- £,(0)=0.961(8)
1 Leutwyler and Roos Z.
K+93 Koe:j K+u3 Kﬂus [Phys. C25, 91, 1984]
.V, =0.97377(27)

<Vusxf+(0)> WORD AV. = 0.2164(4) Marciano and Sirlin

[Phys.Rev.Lett.96 032002,2006]

v, xf,(0) =0.2187(22)

£$931n0J BRISIA' A :301d

0.208 ; ;
- ® PDG 2004 :

e CKM unitarity within ~ 1o
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Measurement of BR(K*—=1'v(9)

g .
$/0/1 1 [4Me)

* The ratio |V |/|V .4l can be extract from the ratio of u2 decays of kaons and

pions: D(K—pv(M)T(T—uv(y)) o< |V |V ol i
» From lattice calculations: fi /f,=1.198(3)(*'°_5) (MILC Coll. PoS (LAT2005) 025)

» K€3—independent V ¢ determination

Ev/MeVic

10°L EviMeV/c 10°L

[=]

e Tag from K~——uv.
Subtraction of w*r, _
mOl*v background. Lotk
* Count events in
(225,400) MeV
window of the
momentum distribution
in K rest frame.

2 p* (MeV /c)
180 200 220 240 260 280 300 220 260 300 340 380

16
0‘0\@\\ 'LQ‘““&
?Q\) BR(K" — p*v(y)) = 0.6366 £ 0.0009,,, * 0.00158yst.
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The V, -V ,plane

g .
$/0/1 1 [4Me)

» Using fi /f,=1.198(3)(*1°_5) from MILC Coll. (2005) and KLOE BR(K"™ — n*v)
we get V /V ,=0.2294 + 0.0026

* V,,=0.2248 £0.0020 0.251
K, KLOE, using f.(0)=0.961(8) . Vus )

* V,,=0.97377 £ 0.00027 0.4 - %
Marciano and Sirlin ] s
Phys.Rev.Lett.96 032002,2006 2.

0231 kioE k,.
Fit of the above results: _
V., =0.2242 +0.0016 0.22 -
V, = 0.97377 £ 0.00027 | REOE R
P(y?) =0.8 ]
: : o 0.21
Fit assuming unitarity: -
V., =0.2264 *0.0009 _
0.96 0.965 0.97 0.98
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CPT symmetry

22

* CPT symmetry 1s linked to the basic mathematical tools
that we use 1n particle physics: QFT + Lorentz invariance +
Locality — CPT
 These tools have intrinsic limitations (we are not able to
include gravity in a consistent way) and we should expect
CPT violation at some level
* [t’s hard to define a reference scale/size for CPT violation
(no consistent and predictive theory without these tools)
* Phenomenologically driven search 1.e. reference scale set
by the most significant experimental bounds
e The neutral kaon system is an 1deal testing ground:

- Charge asymmetries of the semileptonic decays.

- The unitarity (Bell-Steinberger) relation.

B.Sciascia — Kaon Physics — PIC06




The unitarity and the Bell-Steinberger relation

23

Even if CPT is violated, we can assume that unitarity

(i.e. the conservation of the probability) is conserved. . 0
Moo=l = > A" - NAK" — [)
i

Expressing the neutral kaon decay amplitudes in the Moo= = Y AR - AR = )"
K, -Kq basis: KqxK, + (e-0)K_; K;<K_+ (e+0)K_, Fos = zfj AR - DAY - )"
€ and d: CP and CPT violation parameters ;

M1 = Y AK? = NAK — §)*

f
Cs+T. . }Re(ej—@ 1
t M = E A As =

This is an exact relation: phase convention independent, no approximations in
the CPT limit (0 treated as small parameter and expanded to 1% non trivial order).

2(my -mg)

* Experimental inputs: I'g, I';, mg, m;, and o, 0= arctan| T,

« Two physical outputs: Re€ and Im 9:
If Im 6 # 0 : CPT violation, unitarity violation, new exotic invisible final sates.
il:mffn — mﬁnj + %(]-_‘Ifn - I‘ED:I
I's -1
* [f AT'=0 (CPT conserved in the decay): |Am/my,| = 3% 10714 | rm |

] = 43.40

o = COB fﬁsn?ﬂéﬂ&lr [l + {E:l]

B.Sciascia — Kaon Physics — PIC06




Details on definition of decay amplitudes

|: —l_ L‘I‘itﬂ-ﬂffﬁsn} Z (X

TS—TL J.-I-|E

nn decays: o, =m,_ Br(K,—n'n)
0= My, BrK—>n'n0)

FMey Br(K—>n'n™y)

. _ * =0
nnn decays: o, =1/T, M, ," Br(K, —»nnTn’)

_ * 00770 C otian |
Ologo= To/T Br(K, -7 ") CPT-violation in decay

Semileptonic decays: o = 218/ch Br(KL13) [Re€e— Rey —i( Imd+ Imx +)]
= ZTS/’L‘L Br(KL13) [ (AS+AL)/4 —i(Imd+ Imx +)]

from “(A—A,)

and CPLEAR”

LTl 000

Other decays contribute less than 10-°
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C.DKTEV 2=

Kaons at the Tevatron

Inputs to B-S relation

mpus value Used sources
(rﬁ 0.08958 + 0.00006 ns PDG (*) [3]
L 50,84+ 0.23 ng KLOE [4,5]
( r{ﬁ -\ T(K5—m°m)) 2,2540 £ 0,0054 KLOE [8]
<\ BR(Kr—7mtr") (1.965 +0.010) x 1072 KLOE [7], KTV [8]
BR(KL—mn") (0,865 +0.010) x 1072 KTeV [8]
BR{Ks — "7 )pE < 1.8% 107* 95%CL E731 [11]
C/BR{E L — ) DE) (3L £1) x 107° KTV [L0]
BR(Kf — wiv) 0.6705 £ 0.0022 KLOE [5]
N4—o (=2 £7)10~% +§(—2£ 9)10~3 CPLEAR [13]
BR(Kp—mtm—m0) 0.1263 £ 0.0012 KLOE [5]
BR(K5—3m?) < 1.2 10-7 00%CL KLOE [L7]
BR(Kp—37°) 0.1997 + 0.0020 KLOE [5]
C 2) (34£07)9° PDG (*) [3]
C_D (43.7 £+ 0.8)° PDG (*) [3]
Pan (43,51 + 0.06)° FPDG [3]
BO00 p+—7 [0, 2]
Ap (3.32+0.06) x 1077 FPDGC [3]
As (1.5+10.0) x 10~° KLOE [14]

(0.8+£0.7) % 1072

CPLEAR [13], KLOE [14], PDG [3]

25
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* 2006 results

* Quantities
evaluated without
assuming CPT
Invariance.

o Imx,= (1.242.2)x10?
by CPLEAR.

A combined fit of
CPLEAR data with
KLOE-KTeV (Ag—A))
gives a X3

improvement
Imx,=(0.8+0.7)x10"




K physics

BR(K — ' (y))/BR(K{ — 7t°n°)

* Fixes BR(K—=7m*t (7)), used to normalize
BR(K(—Tev)

R, =2.254910.0054 (hep-ex/0601025, subm. EPJC)
Fractional error 0.24%

BR(K;—>7nte*v)/BR(Kg — T (y))

* TOF e/m identification, fit to E_, -P ... Spectrum
» Normalize to T~ counts in the same dataset.
» Separate measurement for each charge state (e ntt,e*n")

BR(ntev) = (7.04610.07710.049 )x10~
Fractional error 1.3% = 1.1%g,t® 0.7%qys7
Kg,; form factor slope: A, =(33.91+4.1)x 1073
First measurement, compatible with K
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1000 I . paTA signal

[ — MC fit
800 |-

600 |-
400 |-

200 F

N(m+)/N(7tO0)

¥ fdof = 62.1/16, Pix) = 24 EO7

- +1..4!'“*1-.,,“

R__ vs. running period :

+
L

Ry =2.2555+0.0024

¥ fdof = 13.8/16, Piy) = 0,62

-40

L . Ll 1 1 1
4 fi i 1n 12 14 11

| N. Evts. (1MeV bins)

bkg

/

20 0 20 40 60 80
AE__ (MeV)




/OE &@ CPT test from Ag and A,

* Sensitivity to CPT violating effects through charge asymmetry of the
semileptonic neutral kaon decays:

- At _ + A
I'(Kgy — “_e+") [(Ksy = “f_f) Ag=2(Reg +Red —Rey+Rex.)
F(KS,L —> TUC V) +F(KS,L — T eV) AL =2(Ree —Re d _Rey_Rex_)

AS,L -

* A, already measured by KTeV (2002): A; = (3.322 £0.058 + 0.047) 10
« A measured for the first time by KLOE (2006): A;=(1.5%9.6 £2.9) 103

* Aq— A; =4(Re 6+Re x_) # 0 implies CPT and AS=AQ rule violation
Re 0: CPLEAR 6= 3.4x 10
Re x_=(-0.8 £2.5) 1073

Factor 5 of improvement wrt current most precise

measurement: CPLEAR, 0=1.3 x 1072

* A+ A; =4(Re e-Re y) # 0 implies CPT violation
Re &€ from PDG not assuming CPT
Rey=(04%2.5) 103

Comparable with best result: CPLEAR from unitarity, 6= 3.1x 1073,
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BR(K}, = T (Yi3.pr))

o)) KLOE: PID using decay kinematics.

Normalize to K; U3 events
BR(K; 57T (Yig:pr) = (1.9631£0.021)x103 PLB638
Fractional error 1.1% = 0.6% s r® 0.9%y <1
In agreement with KTeV 2004 BR =1.975(12) x10-3
It confirms the 46 discrepancy with PDG04
n,_1=(2.216 £ 0.013) x10-3
BR(K(— 7r) and t; from KLOE, t¢ from PDG04
KTEV 3=

Kaons at the Tevatron

BR(K; = T (Ypg)

« 1997 dataset of E832 (collected during €’/¢ data taking)
« After all analysis cuts 112.1x103? candidates with an
estimated background of 671 events, mostly K, u3 and
K, e3 decays.

350 F

250 [

200 |

100 F

s0 |

o i = - e .
0 2 4 6 8 10 12 14 16 18 20

EzMISS+p2MISS (MeV)
= 858/85

“dof

&
s

=2
E

Num. of Evts Per (L0036 GeV
g

Bremsstrahlung
WiEs 0050 0475 0 WiiE W=

Photon Energy (GeV)

=

* BR(K% — Tt (Vo)) = (29£1)%10-%; hep-ex/0604035 (subm. PLB)
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K =77 decays

Observation of Ky — 37 signals CP violation in mixing and/or decay:
SM prediction: I'=I;In}?, giving BR(Ky — 37%) = 1.9x10~
)

\ I
&
'\."'

WAL

") NA48: Measures directly 1,,, through the K—37° rate as a
function of the proper time.
* Nooo = (-0.002£0.019) + 1 (-0.003+£0.021)

.06 |-

S NA48 90% c.l.

0.04 -

0.02 1 KLOE 90% c.l.
< : i
30711 (4 KLOE' 0.0 fo .

* Direct search for K¢—3n’ decays

=

* Normalize to the K—27" in the 002

same data sample 0.04

« BR(K{—3n’) < 1.2x107, 90% C.L. oosf | R,

" Nogo < 0018 D06 0,01 003 0.0 003 004 006
Olyoo=Ts/T M oo’ BK; »n’n?) <0.010, 95% C.L.
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CPT test from unitarity: result

I's+Tr | Re(e) —iIm(d)
|:]:"5 — I"L +itan ¢SIT*’:| 1+ |EE| _ Zf (xf
x10~4 x10~4
Im o 95% CL Im o 95% CL
1+ I 63% CL T Il 68% CL
°T | @
1k Re € T Re €
0.15 0.|16 0.|1? 0.'15 0.|16 0.'1?
X10_2 X10—2
CPLEAR: KLOE:
Ree=(164.9+2.5) 10> Re € =(160.2 +1.3) x107°
md=(2.4+5.0) 10> Imd=(1.2%+1.9)x 107
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Inputs to B-S: summary

31

 Before, the accuracy on Re€ and Im
0 was dominated by the poor
knowledge of My

 Thanks to the KLOE measurements
of My and Ag, the accuracy on Re €
and Imod improved of a factor ~2.5.

 The limiting quantities are
Imx, and ¢, for Imd
N, and mn,, for Ree.

» The semileptonic sector contributes
by 15% and induces a small
correlation between ®Re € and Im 0.

=107

01l

0.103

0l f

= 107

0.3

03 F

=107

0.3

L B
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I Bl =% cL

N

Re O,

0103 0.1l

93% CL
I =% CL

| Im Ol

Re O3

03 o 0.3

Im (x«+_0 [ 955 CL
B =% o

Re Ol

L
0.3
x

.
035 0 ot

0113 = 107

3
= 10

03+

0.45

04 |

03

093 F

03

035

Im (xﬂo Tles®mCL

Bl s5% CL

)

Ol

0A3

0

Re

0554 107

Im QL

I +_,Y

lesmcL

L Tl

®

Re Oy

0.3

[}

03

=10

©
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Re Olygg

L
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CPT test: Al 'vs Am

From Im 6 and ®e 0 it is possible to extract limits on Am= (my, - NT,)
and AI' = Ty, - ['o)

15 15
A

L 195% CL (10-8GeV)
10 |

| 95% CL
10 F

B 63% CL B 63% CL

Red Red

°l \/[Ymﬁ °l \/;ma

s

Wl Old (CPSLEAR)(I) (lf}:gev)s ol New (KSLOE) a ﬁgev)s

Assuming no CPT violation in the decay (AI' = 0) obtain the limit on the
neutral kaon mass difference:

—4x107 GeV < my,—my, < 7x107° GeV
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o)
\"J

R =1{K*—=e™V)/[(K*=u"V)

 Present measurement come from 3 experiments of >70. Low energy K™ beam
stopped in a target, decay at rest.

* 2003 data set

K*_, signature: E/p=1 & m,*=

Nopor = 5329 (73); Bkg = 659 (26)

N = 4670 (77)(" _9)syst
 Preliminary (EPS05) NA48/2

ettt EEEEEE

* NA48/2 2004 statistics: about x2 of 2003

measurement.
Ry %103
PDG average 245 (11) Future:
SM prediction 2472 (1)
NA48/2 (2003) | 2.416 (43)grar(CDsysT

« KLOE complete data set (2.5 fb™!)

» Slight discrepancy between R measurement and the SM predcition
» 2-body K decays are suppressed (helicity) in SM but generally unsuppressed

in SM—extensions (hep-ph/0511289):

33

R, = (1+Are+,)
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CKM unitarity and K—>7zvv decays

34

* “Golden-plated decays”: BR(K—mvv) can be
predicted in the SM framework with very high 4™

theoretical accuracy and may provide grounds Sensitive to [V
for precision tests of the flavor structure of the /
SM

* K’ — m%v and K*->mtvv completely
determine the Unitarity Triangle. —
* Comparison with Unitarity Triangle from B
sector could provides decisive tests in the
flavor physics: new physics may differentiate
between K and B measurement
* The a priori unknown hadronic matrix element obtained from K—mev decays.
* SM predictions:

Br(K*—>ntvv) = (1.6x1079)|V_|* (pn*+(p.-p)?) — (8.0£1.1)x10-!!

Br(K’ — nvv) = (7.6x107°)|V_[* n? — (3.01£0.6)x10~!!
« Combined K—7vv measurement determine (sin 23),, without being affected
by the |V | uncertainty.
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K, —»avv: reminder and outlook

w/ all event selection
-

KEK-E391a Upper Limit SRR 5
No events in the signal box; S.E.S.=1.17x10~’ S m |
BR(K?, — movv )<2.86x10”7 90%CL z
Preliminary (KAON2005) X6 improvement over 2

KTeV one day special run =" L
X2 improvement over published limit (KTeV N -

Dalitz technique) "

I e I e
KOPIO @ BNL Stopped 200 250 300 350 M:Tm.; JSﬂVl;iTES;ﬂ 600
) z (cm)
In Japan a step by step approach is followed:
KEK:

E391a has completed data taking (three runs).
They aim to reach the Grossman-Nir bound from the accumulated data.

J-PARC:
A proposal 1s being prepared for the new J-PARC hadron facility:
Step I: move the E391a detector at J-PARC
Step II: build a new detector and a dedicated beamline to be able reach

about 100 SM events
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K*—=>m'vv: reminder and outlook

E 42 [
SL N BNL-E787/E949:
g .1 e Stopped K+, ~0.1% acceptance
W BR(K*—>mvv) = 1.47+130_ ., 10710
_ hep-ex/0403036 PRLY3 (2004)
a0 _ﬁ
) FETO O AT IORI | : 100 events
Energy (MeV) u_.;f_ BR=SM
* Current constraint on (p,1) plane: -u:. o
£m

“ 00 events
BR=E787/949

0 0.5 — 3
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P326

K*—=7mvv: outlook

S

d 1 P326 (a.k.a. NA48/3) 5y = S

\ \Y%
* Proposal to measure the rare decay
BR(K*—r*vv) at the CERN SPS
(CERN-SPS-2005-013, SPSC-P-326)

» Aims to receive full approval by end of
2006... to be able to start data taking some
time in 2009-2010

Arbitrary Units

+ -
K —»n*n*n

» Kinematic rejection (m?,;4s)+photon veto+PID.
* To reject Kf—>nn? events: 1078 ©t¥ rejection. | | |
(require single photon rejection 10™ for E>1 GeV) **  * *% 0 *% or %

Regionlll
Il 1

m? GeV?
» GIGA-tracker. miss(GeV?)
. . 1 . 2 2
« Expect ~100 events in two year with ~10% of ﬁzgzz ii.‘(’);;‘; s b.01 (?g;; oy
background. miss

37 B.Sciascia — Kaon Physics — PIC06




Conclusions

38

Plenty of new results in kaon physics since PICOS.

* Totally unexpected ©tm scattering length measurement from
KEF—-n*n'n’ decays

* Precise bounds on direct CP-violation measured in K—37w
charged kaons decays.

* New V_ world average. Unitarity of CKM matrix tested at
1o level.

* New determination of CP and CPT parameters: the accuracy
on ®Re € and Im 6 improved of a factor ~2.5.

« Renewed interest in K*—{*v decays as new physics probe.

» Status and perspectives of the K—7vv measurements.

Kaons offer a unique playground to test SM and
to shed light on physics beyond SM.

Thanks to G.Isidori and F.Mescia for illuminating discussions in preparing this talk.
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Spare slides
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Extraction of 0, — 9,

40

Cirigliano et al. 04 (EPJC 33 369)
Using KLOE °02 result for I'(t"n)/T"(n’x’):

Isospin-conserving treatment: Xo — X2

[(K — 7o) fully inclusive of wy channel (48.6 +2.6)°
Isospin breaking in amplitudes (mainly EM): Xo — X2

A, — A+ 84, (54.6£2.2,,£0.9,)°

A4,, A, amplitudes mixed
Al = 5/2 component introduced
Small contribution from strong isospin breaking

Isospin breaking in final state phase shifts: O - 0,
O, =%;— ;s (60.8£2.2,  +3.1,)°
0= 0, = (= 6£3)° [XPT O(e’p?)]
For comparison: dy - 0,
¥PT estimate (Gasser & Meissner *91) (45 £ 6)°
7w scattering  (Colangelo et al. *01 a,-a, =0.265+0.004) (47.7 £ 1.5)°

(Pelaez & Ynduréin 04 ¢-a,=0277+0.014)  (52.9 £ 1.6)°
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Generators for radiative K decays

Generators for neutral kaon decays include
radiation, no cutoff energy

 Full O(at) amplitudes (real and virtual
contributions) summed to all orders in o by
exponentiation (soft-photon approximation)

N. events

103

10+

* Carefully checked against all available data

and calculations -

BR(K, — mevy,E, >30MeV 6,,>20°) 07

BR(K, = mev)
kTeV (0.908+0.015)x107°

Bijnens et al  0.93x107° :

MC 0.93x107°

10"E

10

T

" Entries 1000000

Y

20

40

L dC dD(O(0)) [Ey }b
| dE, %

dE

60

Y

20

100 120 140 160 180 200

E.(MeV)

BR(K; — nzy, E, >50MeV) _ E73I (2.56£0.09)x10°  KLOE Note 194

BR(K; — 7x) MC 2.6 x1073
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K¢ — muv: first observation

- Measurement never done before

- More difficult than K_;:
1) Lower BR: expect 4x10~*
2) Background events from
Ky — ©w, T — Uv: same
PIDs of the signal
- Event counting from the fit to
E (W) =P ... distribution
- Efficiency estimate from K, ; early
decays and from MC + data
control samples.

- Selected about 4500 events per
charge in ~400 pb~!. (~ 3% stat
error)
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Situation before 2004

Apart trom unitarity problem. V,,, scemed to be well

understood before the new data has arrived:

e NMeasured with Kped (0.21582 + {}.{}{}12{_?};1-}}. K*ed
(0.2208 = U,{}Ul[_'i{_y};l-;j and Hyperon decays (0.2176 4+ 0.0026).
The most precise measurement came from A 7e3 decays.

K e3 branching fraction is extracted trom various
measurements of 36 different experiments performed
between 1967-1995. theyv show good internal agreement

fo(t) form factor is measured by ~ 10 experiments, well
described by linear AT term. The value of AT is consistent
bhetween K+ (0.028 £ 0.003) and K7 (0.030 + 0.002) as well

as with theory (chiral QCD) expectations (~ 0.028).

f(0) is calculated by Leutweyler and Roos in 1984, their
analvsis shows that KT e3 and Kz e3 data are consistent.

The only problem in this picture was BNL ESG5 determination
of Vi, based on KTe3 data (PRL 91 261802, published on 31
Dec 2003) which trigeered a lot of new experimental activity.
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g .
30/ [Me

Absolute BR measurements to 0.5-1%
from ’01-°02 data set (328 pb!)

Dominant K, branching ratios

K, tagged by K, — w1 - 3500_ Events/0.5 McV
e 13%x10° for the measurement 3000
« 4x10°used to evaluate efficiencies - [OK,  Data
BR’s to mwev, Tuv, and ttnn’: 3500_' MK, J (7% of the sample)
» K, vertex reconstructed in DC so0ol TR
* PID using decay kinematics | EETT
» Fit with MC spectra including 1500
radiative processes and optimized ' *
EmC response to Wn/K; t000r
BR to nt'n'n?: 500
 Photon vertex reconstructed by TOF A (McV)
using EmC (3 clusters) 2150 100 50 0 50100 150

* E..=99%, background < 1% Lesser of p_, —FE_ .. in TW or puw hyp.

miss
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Direct measurement of K, lifetime

30/ [Me

Measure using K, — nnn’
* Require >3 ¥’s
* €(Ly)~99%, uniform in L

x 10? Events/0.3 ns
2000

P, =110 MeV
Excellent lever
arm; for lifetime

* 0,(Yy) ~ 2.5 cm P rheasurement
* Background ~ 1.3% 1250 | : :
Use K; -»n'nnY to determine: 000 |

- EmC time scale 5 : 6-24.8ns :

- Photon vertex efficiency 750 : 40-165 cm
oo 0.37 A,

KLOE 400 pb~!: -

10" K, — n°n'n®evts  Pupy, . E
PLB ed 0'....|....|....|....|....|....|....|..

626(20 0 5 10 15 20 25 SLO/ 3 35(ns)
(8
T, =50.92 +0.17 £ 0.25 ns 93) 15 ¥
Average with result from K; BR’s: Vosburg, *72:

T, =50.84 = 0.23 ns T, =51.54 + 0.44 ns
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V. from KLOE results

K, €3 K, u3 Kqe3 K*e3 K*u3
BR 0.4007(15) 0.2698(15) 7.046(91)x10 0.05047(46) 0.03310(40)
T 50.84(23) ns 89.58(6) ps 12.384(24) ns

B KLOE-K'K,)
e KLOEK,
0.224 - -

0.220 — 7

us'.

A

0.212 — i

£8931n0d BRISIA° ] :301d

0.208

+ +
K. Koes Ku3 Kom

<V X1(0)> k1 oF av. = 0.2160(3)
CKM unitarity within ~ 16

- de Simone 31/05/2000 5. CpanRig 920 _ picos

— Slopes

N, =0.02542(31)
A”,=0.00129(3)

(Pole model: KLOE,
KTeV, and NA48 ave.)

Ao =0.01587(95)
(KTeV and Istra+ ave.)

— From unitarity ———

- £.(0)=0.961(8)
Leutwyler and Roos Z.
[Phys. C25, 91, 1984]

-V, =0.97377(27)

Marciano and Sirlin
[Phys.Rev.Lett.96 032002,2006]

v, xf,(0) = 0.2187(22)
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KTEV .3z Dominant K, branching ratios

Kaons at the Tevatron

* KTeV measures 5 K, decay ratios of 6 decay modes:

['(e3)/T'(u3), I'(mn°)/T(e3), I'(m'n’n0)/T(e3), I'(mn)/T'(e3), I'(n'n®)/ T (nOnOr)
* These 6 decay modes account for 99.93% of K, decays and the ratio can be
combined to extract BR, 1.e.:

5 _ 0.9993
Ked = l . . . , )
|+ .h_m + l.r:u:m + I .+ 0 l. - L l. 00 [PRD 70 (2004)]
l Ked l Ked l Ke3 l Ke3 l Kel

» Results are:

BR(K; —mev) =0.4067 = 0.0011
BR(K; —=mpv) =0.2701 £ 0.0009
BR(K; —»nnn’) = 0.1252 + 0.0007
BR(K; »>7tt’r’%) = 0.1945 £ 0.0018
BR(K; »7t'n) = (1.975 £ 0.012)x10-3
BR(K; »7t?) = (0.865 + 0.010)x10-3
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KTEVEE.  Kaon radiative decays: summary

Kaons at the Tevatron

« Hadronic radiative decays of neutral kaons with real and virtual
photons give insight into structure of the kaon
« Summary status of the results presented in La Thuile 2006

Real ~ Virtual v* — ete™
K; — 7% K; — 7'nlete~
Preliminary results Published
K, — 7tmn~ K — 7 nm ete™
New Preliminary results New results, accepted in PRL
K; — ntr—m% K; — atn—nlete™
New Preliminary results New Preliminary results
K; — 7n%7%7% K; — 7%7%Yete~
Analysis 1 progress Analysis m progress
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KTEVZ:E.  Koon radiative decays: summary

Kaons at the Tevatron

Hadronic radiative decays of neutral kaons with real and virtual photons give insight
into structure of the kaon

K% — 'y
gy = 1.198 £0.035 (stat)+0.086 (syst)
a,/a,=-0.738 £ 0.007 (stat) £ 0.018 (syst)
gr <0.21 (90% CL)
BR(K’ — ©%n%) <2.52 107 90%CL
BR(K’, —»mevete~,M >5 MeV) =1.60620.012(stat) 0926 . (syst)£0.045(ext.) 10
BR(©L) ete-,X>0.95) = 6.56 £ 0.26(stat) = 0.23(syst) 108
K — etey
BR(K% — e*e™y) = 9.25 £ 0.03(stat) + 0.07(syst) + 0.26 (ext) 10
CaK* =-0.517 £ 0.030 (fit) £ 0.022 (syst)
Oppp= -1.729 £ 0.043(fit) + 0.028(syst)
BR(K — %) = 1.70 + 0.03(stat) £ 0.04(syst)) + 0.03(norm) 10
BR(K’, —» nttnnlete,E >20 MeV/c?) = 1.60 + 0.18(stat) 107
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BR(K, = Tt (¥5))

g .
310711 [4Me)

PID using decay kinematics BR = (1.963i0.012i0.017)><10'3

Normalize to K, — UV events

o, 1.1%=0.6%

rel* stat

® 0.9%

syst

350 |- * Data  in agreement with KTeV 2004
— BR =(1.975£0.012) x10-3

300 |

* it confirms the 4—¢ discrepancy
with PDG04 = (2.080 £ 0.025) x10-3

250 |-
N * we get:
n,_|=(2.216 £0.013) x10°3
[ BR(K;— @) and T, from
KLOE, 14 from PDG04]

150 |

100

50 |

PDGO4: [e| = (2.280 £0.013)x10-3

12 14 16 18 20

(7[ 7[)+ p iiiss (MeV]

e VAN
8 10
2

JE

miss

PLB638 (hep-ex/0603041)
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Lepton Universality from KTelV

Consistency of BRs and Form Factors results with lepton universality.
Compare I'’s for K; and K, ;:

G2M5

My ] 21 2,1
YKi3T T 3 CEW (”5K j‘Vus‘ ‘f ¥ (O)‘ 'K
1927
Kw (1+5” J( J
e
Ke3 PRED 1+5 \
0.6622(18)
l. 0058(10) from KTeV

from T. Andre

r r G4
{ Kus3 } / { Ku3 } = 0.9969 +0.0048 = ( £ j
Tkes MEAS Tk PRED Gr

Same test with PDG values gives 1.0270 £ 0.0182
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P326

P-326 Detector Layout

“ MAMUD
§ — RICH
: K*—>nvy _ N
i . Fingl Coll.
1 Gigatracker F o
- SPIBES1,2 ™
1. Tax Glez o3 4 ’*E
— Target ' H . __—
1/ e VACUUM' | LT
1 o + I
= R T e S ey
E — | ~IMHz TRl -
i Achromat 1 Achromat 2 ! \\\\\\ T == 1V
- i ReeN SAC-
1 y =~4
) 75 GeV/e FTPC L_ I :H: | Ne 1
E 800 MHz beam (KABES) — 1 atm]!
] R =LK
i mK/p U I O B f '
| 2 Straw Tubes  CHOD
| I I I | I I I | I I I | I I I | I I T | Z :
0 50 100 150 200 250
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P326

Signal & bkg from K decays/year™*

Total Region I Region 11
Signal (SM) 65 16 49
K*—n*n? 2.7+0.2 1.7+0.2 1.0+0.1
Ko 1.2+0.3 1.1+0.3 <0.1
K4 242 negligible 2+2
K*—n"n'n~ and other 1+1 negligible 1+1
3-tracks bckg.
KLY 1.3+£0.4 negligible 1.3+£0.4
Ky 0.4+0.1 0.2+0.1 0.2+0.1
Kes» K5 ,0thers negligible — —
Total bkg 9+3 3.0+0.2 6+3

*Before taxes. Proposal quotes 40 evt/year @ BR=10-1"
* SPS used as LHC injector (so it will run in the future)
* No flagrant time overlap with CNGS
* P-326 fully compatible with the rest of CERN fixed target because
P-326 needs only ~1/20 of the SPS protons
* Beam time estimates based on decennial NA48 experience at SPS
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