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Theunitarity relation and CPT

QFT + LorentzInvariance + Locality = CPT invariance

n=12,...

Violation from OG O (E/M n
Q ( planck) { M plaan = GN_1/2 ~1019 Gev

K'-K'
.d|K -
|—| _ [=IM—=I1T/2|| —
dt | K [ / ]
CPT invariance = M =M,, T,=1,

My ~M| <107 GeV

If n=1 CPT-violating termsexist ... very closeto M /M

Planck
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Theunitarity relation and CPT

The elgenstates:
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K
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Theunitarity relation and CPT

P(K - K(1))-P(K - K(t)) _

== — =40
(5) p— o PR - K1)+ P(K - K() (©)
- A =40(3) +O(AS# AQ)

Ag, chargeasymmetry in Kg, semileptonic decay

Unitarity relation

(0) :>{ L+|tan¢3N}D(£)_iD(5) = >a(ha(f)

1+|el rs—-T,

o—T

as (f) Kg, decay amplitudes
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Experiments

CPLEAR
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Experimental inputsto Re(J)

CPLEAR fit of time dependent asymmetry Aswith
semileptonic decays

N () -N"(t) N ()= N"(t) _
N*(t)+ N (t) " N-(t)+N*(t) Fb) D((D

Result improved adding as a constraint: ASEAQ
A=A =40(0)+0(x)]

1(J) = (3.0+ 3.3+ 0.6) x10™ 1(J) = (3.3+ 2.8) x10™

0(0) =(-15£23+03x107°  — (J) = (-1.1+£0.7) x107>

((x_) =(0.2+£1.3+0.3)x10™ (x_) = (—0.03+ 0.25) x107>

O(x,) =(1.2+2.2+0.3)x10°* O(x,) =(0.8+0.7)x107°

All correlations ar e taken into account
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Experimental inputsto Im(0)

1 o _
TUTU, TlOTlO, T[*T[‘yDE a :r_ s(f)a (f)=n;BR(Kg - f)

S

Inputsfor all BR’s, ¢, and ¢™
1

WTCTE, TP @, = -a(Da(f) = S/{BRK, - )
S

L

Inputsfor n,_, K, BR’s,and U.L. on BR(Ks- 3m°) output

r
Tiv akl3:2T_SBR(KL - 7tV)
L

Inputsfor all BR'sand asymmetries As O AcA,

-6
Other decays< 10 VAHA, )

Inputsalso for 15,1, ,and @y,  YEPT indecays
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Ko 0Tt/ K- TP

K L O E P NN’

5 /7%\ 1.6 1
Over 400x10° ¢ - KK Sup,. S0 S DI
PureK ¢ beam ’77/},8010\7025 el |
I_(K _ ]T+]T_ (y)) SIOJC . ’x/do‘f"=62.1/16, P(x) = 2.4 E-07
r(; ey (2.2549+ 0.0054) o[
S — 2.3_— ; ]
SR IR NP 3 PO Sy $ g
Combined with KLOE K- v to get single BR’s B Rgzz,m:io;o;* Fty +;
20 xé/dof=13.8/16, PO = 0.62

K L — T[+Tl'(y| B)

Sample
. wl o~ « pua A
ELOE mmrefthe :fltlo BR(K, - /(K - Tuv) | i5000TlT[' 486:’8

. 2 2 300 |- 7 K, O
vent counting from fit to: \/ E2_+ pa. |
Combining with K, - v BR from KLOE

150 | m{ﬂ

F(KL - ﬂ*ﬂ‘(y'B+DE)):(1.963i 0.021)><1O‘3 ? M _
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K, > T1T1(Y,5), TOTC

o
A
1

Entries/2 MeV
N w
| |

o
|

(a) ® data
E — MC total
"‘105 TlOTlO & = MG K—31° + 5
- - scattered K—2n
[ e - -. -r':-' :‘"'__-.....
< L ®
" | k * : [ ’ }'% ' [ 4‘ : ' I ' g J I ,_.
0.46 0.48 0.5 0.52 0.54

21° mass (GeV/c?)

046 0.48 0.5 0.52 0.54

KTev m__(GeV/c®)
Measures. I'(K, - oot v, To)/I (Ke3), I (1Pro)/T (TPrfre)
BRK, - 7' (y))=(1.975+0.012)x10° | =
BR(K, — 7°71°)=(0.865+0.010)x10°° DR

a(r' ) x10° = (1.126+0.014) +i(L.064+0.014) | . o
a(°7°) x10° = (0.494+ 0.007) +i(0.472 + 0.008)

BR(K, -7 )x10°

C.Gattli
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K| - TUTTYe

KTeVv 2
Sample 10° mny with E>20 MeV . M = 8%8/ 85
Contribution from: L 4000/ S
Electric amplitude O(p,*€- p,*€) 2 ' 04035
Magnetic amplitude O (€X' p, p, q €) S 3000, [O'O'L?L
=]
dr 2 2 5
U Egr + Edirect‘ + ‘M direct‘ P~ 2000, Direct
dEy ¢ Emission
No intefer ence between E and M when E
summing over photon helicity ;3 1000
‘gEl‘ <0.21 (9O%CI—) 2 . ‘Bremsstrahlung .
~ 0.025 0.050 0.075 0 0.125 0.150
= +
‘g'\" 1‘ (1.198+0.093) Photon Energy (GeV)

a /a, = (—0.738+0.019) GeV?
Combining with U.L. for K¢ DE (E731)

a(7r' Ty, ) x10° = (0.000+ 0.002) +i(0.000+ 0.002)
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K, ->TUTTee

a) T b) "o @ angle between Tutand
K, " o= "eeplanes F
e ef;+ L gMé T X E_moo - singcosg>0
€ a\
T . o _
£ l
o=
Different way of measuring DE D 500 '
Measure CP violating interferenceMOE " | Singcosgp<0
KTeV with a sample of ~5000 Tutee events
BR(K L)~1O-7 O 3 i g i |
_ 450 500 550
‘gM 1‘ =(1.11+£0.14) M MeV/c?

a /a, = (—0.744+0.042) GeV?

Previous measur ement from NA48 (EPJC30) with ~1000 K
(also measured K ¢ decay)
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K, ->T1iv

NA48 —a+—H , KL_OE ,
KLOE +mH KTEV KTEV s
PDG 02 ad , PDG 02 ,
—O— - O -
038 039 04 041 - o027 0275
B(K, mev) B(K, mu v)

New measurementsfrom KLOE, KTeV and NA48

KLOE BR(Ke3), BR(Ku3) [ weusethisfor a(riv)
KTeV BR(Ke3), BR(Ku3)

NA48 BR(Ke3)
See Antondlli’stalk
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KLOE [ N. Evts. (1MeV bins)

. - ~
M easurestheratio I'(1ev)/I" (Tt'1T) for 1000 1° s 8636
each chargemode and Ag [ — MC fit

800 r

Sample of 6500 events per charge
Event counting: fit to E P, (AETE)
and other kinematical variables

BR(K . — 7ev) =(7.028+0.002)x10™*
A =(L.5+10.0)x10°3 !

600 -

£ 0 20 40 60 80

Combining with A, =(3.34+0.06)x10°% (PDG average): AE,, (MeV)
A - A =40(3)+0(x )] = (-1.8+10.0)x10°°
A+ A =40(e)-0(y)| = (-4.8+10.0)x10™

a(7V) 5 ¥10° = (0.003+ 0.002) +i(~0.019+ 0.017)
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Kg— TV

Semileptonic modes (PDG2005)

r*eFy, [c] (6.9 £0.4 )x10 4
mEuFu, [c]

KLOE

Never measured before, BR~5x104. 500 | Evts/2MeV | Entries 2826

Event counting with fit to E ., P,

(AETY) distribution. Nu'Tv)= 1189.+ 56.

400 +  year 2001
Selected ~3500 events per charge : t
with ~400 pb. 300 iL
Statistical error: 200 |
OBR/BR~3% per charge mode

SAN~0.01

100 |
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__Npag(Prefim) T Lo
KLOE I —i
— KTEV
KTEV_{ : - |
= PD802 : PDgOZ
019 02 C; T 021 0124 '+0._1 6 0128
B(K_3n") BK n'mm’)

New measurementsfrom KLOE, KTeV and NA48

KLOE BR(rrrrm?), BR(3m®) [ we usethisfor a(rom)
KTeV BR(rrTP), BR(3mP)

NA48 BR(30)

See Antondlli’ stalk
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Kgo 1T

(a, =a% (X,Y) L [ dxdyaag™
185 =ag” (X, Y)+ag" (X,Y) Joo0Xa¥lac [
aH(X,Y)=Fa"" (-X,Y) [ dxdvaZag™
,7+—0 = 2 —>G(T[+T[_T[O)
N. (1) -N. (1 [ dxdYla,
CPLEAR 7 31
2 N37T(t) + N37T(t) go'oz - S
.0 *10° = (=2£7) +1(-2%£9) 0.015 | <@6‘30
a(rr' i °) x10° = (0.001+ 0.002) +i(—0.001+0.002) o/
nags  Ng, o =N~ 0005 |
Ngy + Nz o Dt
B T
A =(0.038+0.010) +i(~0.013+ 0.007) o T
/s
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K ¢ - TOTOTP

CP violating decay BR~10°
Before NA48 and KL OE measurements, [1(d)
was limited by the poor knowledge of Ny,

0.06 —

Im(n00)

0.04

0.02—

Two different ways for measuring Ny, of
NA48 -0.02_—
MeasuresK - 31 rate as a function of proper 0.04

time, with 5x10° K5, - 31° from ‘near target’, -~ -
normalized totherateof 108K, - 31 from ‘far N SR R

t et, -‘0.0‘6‘-‘0.0‘4‘-‘0.0‘2‘ 0 0.02 0.04 0.06
arg ,
—(Fg—M)t
£, o (€) D177 €

1
~Z(Fg-T )t
ST

+2D(P) [0 (77000) COS(AME) = O(7750) SiN(AML) | €
Nooo = (—0.002+0.019) +1(—0.003+ 0.021)
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K ¢ - TOTOTP

KLOE X213 b) 2 5

Direct search for K4 decays | . 679

510K K, & MC . ¢, Data

K < tagged with K interactions “° | = i . .

in EmC s S B

Selection: 6 clusters, track veto ~°[ 4 o S el B '

Event counting in signal box er "I " I"""‘ | | |

defined by x2in 2rrand 31t 0 2 4 6r. 80 2 4 oo ;

hypothesis (:3_ X310

Normalized to K ;- 21P events 081 &

2 eventsfound, 3 bkg events 0.04f NALS 0074 ol

expected _ 0.02:_ KLOE 90% c.l.
BR(K ¢ — 37°)<1.2x10~ ; )

00% C.L. oof ol S
Mo0| < 0.018
a(7°n°n°)|x10° =<0010 95% C.L. | -

_I I 1 [ | | L1 1 I Ll 1 | 11 1 I 1 11 | 1l
-0.06 -0.04 -0.02 0.0 0.02 0.04 0.06
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Results

a(°mn) a(7iv) 0(5)=0

95% CL
68% CL
[1(&)
Doy

0.5x104 [ ('cx)
a(m°m )

a(7r 1T V) ne) a(rm )

® S &
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Results

2187 o x 107 Imd
 195% CL B 059, CL
| e L 4 I 63% CL
0 7 @
0l
’ Ree -1+ CPLEAR Ree
O.IIS O.Il6 0.117 5 0.15 0.|16 O.I17 S
x 10 1
[1(¢) =(161.0£1.0) x107 (&) = (164.9+ 2.5) x107
|:|(5) = (l3i 20) X10_5 D(a) = (24i 50) x107°
C.Gatti
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Results

15

AL’
o (10-13GeV) I 95% CL
I 63% CL
5L
oL
51
AM
(10-18GeV)
10 ' '
-10 -5 0 5
— -1
M« —Te =(5£4)x10°GeV

15

Al
(10-8GeV)

N 95% CL
10

I 63% CL

ST CPLEAR

(10"8GeV)

10 1 1
-10 -5 0

Mo~ =(3.9+4.2)x10™°GeV

My —M. =(-22+20)x108GeV My ~My =(-15£2.0)x10™°GeV
[« T =0

-4x10° <M, -M, <7x107° GeV 95%CL
-10x107° <M, =M, <17x10™ GeV  95%CL

C.Gattli
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Conclusions

Theunitarity relation allows usto test CPT symmetry closeto
the scale M (/M e

We have done a new determination of the CP and CPT
parameters combining theresultsfrom CPT asymmetries of
CPLEAR with the unitatiry relation.

We obtain an accuracy improvement of ~2.5 for both [I(¢g) and
[1(d). The improvement is due both to the measurement of ngqy,
and Ag.

The limiting quantities are now:

 [(x,) and ¢,_ for [1(d)

* N, and Ny, for O(g)

KLOE hasanalyzed only 1/5 of itsdata sample (2.5 fb1). The
full sample should allow usto further reduce the uncertainty
on these fundamental parameters.
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